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e’
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NSTA Publication Sales. You imight consider reserv-
ing = copy of the 1984 cdltxon now as well. We will

be happy to bill you next yea
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Bill G. Aldrldge
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Foreword

This is ain exciting time tor the Natonal Science Teachers Associd-

tioi to einibuark O d new publishing venture - aseries of NSTA year-

bBooks, The NST. 1 Yool is vitvisioned s o review of the ssues

Cthae have plulumml ed i thie ticld of scieiice edacation daring the

preceding vear. Fach inscallment i the series \7\1l| dssess probles,
record carrent thinking i%ci'iiiitiii to scicnce education, dand outliiie
cHiorts by inienbiers ot the pmtu\mn \\hu are working te improve it
Fach vear, the N ST Yoohond will e released o comnade with our
annual mectng, \hull dJspectal V. ik sy iiposium will involve
the Yeurhood's ulmn\ cone affilnced wich @ university dinil i
Chissroont teacher ar precollege levels the authors: aid selected Fead-
ers whv wish o IL\PUHLI Such sy mpu\mm wiil ]“‘I()\IdL an opportun-
iy to learn ibuiit thie Yearhood did dbout reasons for the selection of
Yerbond topies. The Yearhoid .md thie svifiposiuni; theniw ill enable
Assocranon memboers o nn.\ulu and discuss the stitus ot thedr
pu»tg\\mn ) o
As thie Hirst edition in our series makes dears TOS2-1983 hus high-
lwlltul for Ainericaiis—Iledaders i \'munmun and indusorv: as well
ds pll\ ate ctizens-—the troubling umdnmn Gl oseienee cducation n
our country. Stite L,\)\(III\)I\ Ill\L oSt 1hl|\hui COHITTINS IO s and tisk
foiLes 1 \I[I(l_\' thie crisis: state lawmakers are working, rhmuL,h rlun
legislatures, resiitee dic pri. blend; amore mny initiacives in the
1S Congress tor tiscal 1981 H.R. 1310 incuded $a25 million for
solenee nuathenmaties educdtion. ‘\ tot.l of 15 million h i been made
svanlable at the National Scicnce Foundation INSTL far tiscil 1983, th
bL'\'m i mitional offort to restore school sclenee o i|iL- ]iiiﬁltxiiii it
meiits. o
The 1953 NST Yaarhook b(-ﬁiri\ with a characterizaton of scicice
cducation practives, based on exteisive mtional stadies, which were
conducted during the past tive yeors i1t his been estmated that $3
arillion [mosithy NSEF funds] has oo speiit i LNsessiing precollege
\LiL nee L(hi('liimi L{lii:iiif; ilic period l‘)'r"'—l‘)%H ) li i§ pi'u’b' xlul\" CUFIett

the pn[ I’ut Lot [hg Y. (e E SUNMTILATTZeS rhug stadies md pre-

seiits 1 brief L\p()\][l()l] of some current offores wliicli address the

CTISIS, L
CPart 1 comprises essavs by NSTA members in which they otfer
rhu[ views ofl w lltlL sticiiet LdUL ition md 1y t/)r;/{/‘/ be. T hug mrhm 5

N .. ™
L
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FOREWORD

sctting, curriculum problems, and societal concerns. 7

The Yearood cnds with . delineation ot a needed nationdl idetitity
for scrence educaton.

NSTA's officers expect that science educators will continue to nuake
thicir voices heard and thiacas @ new volume s added caclt year: the
Serics will evolie o a4 ontenipoiry profile of Gur LiisL~i;wliiiL-.
Yiearbood will be mewsured by the diadague that it occasions; and,
presuniibly, sonic issues that it evokes will be considered i future
vearbonks of this series.

I would like to congratulate the editors of this first volume, Faith K

buiik's plan. arranging for duthors, and preparing the book for publi-=
cation. The first is dlwiays the most difficult—with no models o
Foltow, the rask of sccuring funds, and adjustments of all sorts i order
to meet deadlines. T would also Tike to-acknowledge rhe contributions
of Bill 6 Aldridge: NSTA cxecutive director. Tam sure the entire
micnibership as well as thie Lirger sdicnce education community join
e i Saving, ol whio conribuicd. " Welldone!” Preparation for dhe

svinposium will be an imporant teature ar NSTA'S 1O8F National

Convention in Boston: We can anticipate provogative new ideas and

issties. dand prist for future yeiarbooks:

) Robert E Y ager
NAT L Provident, TOS2 1983

L
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111 1983, schooling is in trouble. I a recent study of more than LO0Y
Clissrooms, Goodlad found them characerized by one quality: monot-
oni. The sources of the mionotony lie not in what schooling Ay bul n

what it does nor hive. It Licks

effort w help pupils achieve

s
o tedcher interest and cooperation
e expettalion for virtii 1ll\ any cognitve deot i

. pupll\ deuve pntlupmun dind ipvolvenent in the lerning pro
cess othat s, thc\ sit, ll\tcn and receive \\.hl]( tln. tw: uln.r m)l\s

Ih<. ritle tor te u’n.rs seenis to be: Know whom you are to stutt with
tacts: stutf then: ind tth st it thu were stutted: Goodlad concluded
that schooling s essentially p. ived dctorditg to thi lGwest comnon
denominators: with unnpcu ney exit exams designed o puedsiiie unl\
thiese Jowest denominators.

CAs retlected i seieiice and madhenatics uppmummu i schiools,
his conclusions tind w ide SUppurt. student pertormance in science and
mathcmdtics continues o shide downwiard. Qi tliticd weachers are
Jis. IPPL i lm, r. 1pldl\ And for those teachers who do work to involvy ¢
studetits in the joyv: excitement, and intellectual pov v ol science aid
iidthicinatics. thie curricular oprions are carctully conmrolled by a text-
book mdustl\ which delivers only those pruduus that guarantee a
lle,h pmh( \I['l()u}_,ll |1 1lt ut l“ th<. \\nllu N snuntxhn knowledpe 11 15

;vu—“)(n \uumtu l\nm\lulg( o
Caii oF should we listen to our crities? As one criie 11 15 fucetously
noteds L
Thert is sofncthing |n)s|ll\< to be L nllL«'l\\ acknowledging one's wrie-
ils Dike all God's crearures. crities have a purpose i this world. Thev
Dtter criticisms ot one’s conduct cadbeit msighes) dhaeare not ~'],“ ayvs
[H(l\ldk\{l)\ fricruls. ll‘\‘ Also encourdge self-esicent How wauld we
Lnow the magnitude of our owe wordh withour someone so Soirthless

ATt ukm” i’

W¢ can 1w more crities while continuing 1o do whit we have becii

dmm_ 1t 11;1\ bun st thu it the nuh-nmu mn chn

T ()f u.l't'im
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~ways in which it 1s being

PREFACE

In any trotbled sitiadon, two guestions zre always helpful: What
ire the probicms? Whit xhuul | bL dorie abotit [hun’ Sthool svience is
in trouble. Scarching tor the pmbl:.mx behiiid [Inx tl()LIb]L .md the
most desirable solutions must begin with pmh ssional scretee edaca®
tors” actively defining these pmblex The essence of any pmhlun N
wlu[mn resides 111 tho very process of Ltm.tull\ d"tmmu thit pmbh.m.

x\m[c our hcqucn[ use nf [hc plm 1] pmlvlc.m lnm, as [hc

15t

sc;lr(hn'l :
lList l()ﬁ ulcnutl.lblc dl.\cui:,c.s, cures spcutu to cach dm..m. ATC Now
Iwum, fouind.

We scrence Lk]llL.l[()l\ bLllL\L thit viery child should hive science
instruction every Jday, To what extent is tiis true now: > Wliit can or
Should be Joad to make it crue? How can \\'c.m.n's]‘..ll OUI TCSOUTCES 1o
redch thiar wonl?

) ln [lll\ warkonk | scicnee wechers are spes aking oat as < pl()ft\\lt)n
In Puare 1, science teachers duulh:. [hL cuitieiit school crisis and some
addressed. IhL thoughis of [huc. 'utl.mx

miirror both puxm\c. md negitve aspeces -,)t our profession’s public
imige today. 1 Pare 11 25 leaders of che National Science Teachers
Association uu[lnw. whit th\ [hml\ schivol stienee can ur should be. In

P Irt Ill N\TA pruldt.nr Rubt.rt l X Jz,u { ]‘)b’ lL) ,Jnd execu-

resources to nuke uhuul sclence w h i it xhou]d bL
[t)LLthI dncl i cooper. i[mn we s .l Pl()lL\\l()ll .HL \PL l:\ll]L“ out

bt the [c.uhm;, ot scienice.

Farth K. Brown
Lyivid PoBiitis

[
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Robert E. Yager - BillG: Aldndge 7
The bmversny of lowa NSTA Executive Director
fowa City, lowa Washington, D.C: .

The University of Iow .1
lowa City; lowa

Science eduocation in the United States ru.uvul unpr«.«.cd«.ntcd
nativiialattention after the liunching of the Soviet Sputnik in 1957,
but schuol scienice has lost its favored position: Federal support has
croded. The role of techinology in Vietnaim gdve i bld jimiage to seience:
Despite declining school enrollménts, Americins became uitinterested
in pubiia cduc'—iiiuii m "97'6' th’g N'itiii'ri'il Science Fiiiihd'itikih st‘l-‘

prn)u.ts '()mcrncd \\1[]1 pr()duun;, materi ils for s«.hm)l scieiice.

The crisis in science education at the precollege lev (.] h is ru.ux(d
\\ulcsprc ad publlut) in 1982 and 1983, The National Science Teach-
efs Association hus been dciugcd with rcqm sts for detailed informa-
tion, as well ds suggestions for solutions; NSTA data; collected
thr()u;gh several different surveys umdu«.ted over the past three years;
have been summarized to characterize the curvent stitus of school
science: and NSTA has been involved, on a variety of fronts, in
addressing the crisis:

A, éﬁﬁﬁENT PRACTiCEi

I 1977 and 1978, three importint resedrch effores atcempeed to
d()«.umcnt thc status uf science mn thc U S Lduutmn 1] }ystcm Ihc
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{1983 YEARBOOK

informuation on school practices, instructiondl mueerials, teicher edu-

cation; administrative. financial control, and needs n K=12 sciciice.
The second stady [ 10] surveved teachers: administrators, \Up(l\l\()l\
aid other school personnel nationwide concerning curriculas course
ofteriings. teachiiig methids, enrollments, individualized materials:
te .uhmg Assignments, support services, dnd d'cnmur-.rphic informa-

don, The third study | 8] consisted of 1T case studies of schiools iepie-
sending differenr tyy pes of communites; and it mdudcd extended on-
site visits and in-depth an: ll\\c\ of the case study rcpu 5.

Also in 1978, the Natonil Assessment of Iduuuonll PH)gl(‘\\

(NAEP) in its chird Assessment of Science |5, revealed that student
interest in scienee decreased between the third and seventh grades;

.md dulmcd tur[hcr bct\\ccn [hc \C\cnl’h .md cic\ cmh z;r {dc's z’i
SCIEACE COUTSC WS /r/u'ur it the end ol [hc course [h;m dt [hc bc-
ginning: .

111 1978, the Natonadl Science Foundduion (NSEj awarded 4 imajor
research C()II[I‘ ict for the purpose of synthesizing and interpreting the
more thin 2,000 puages of informadion from the three NSE stacus
studies Jnd the NAI P repurts. This research effor Pr()JcC[ Sy n[hcslx
involved a team of 23 science cduc itors from [hrou;,hout the US| 1]
The reseirch teams were divided into five focus groups chiarged with
ex Jmlmmz cnmponcmx of K-12 scicnee ¢ducation in, rcspccn\cly
biology, ph)slcdl science, mqmr) clementary school science; and
scienice/ technology / society. Euaeli group worked irdependently with
the same framework of goal clit: sters and eritic il elemients for eaching:

The geéneral research procedire d] iracterizing, Pm]cct Synthesis
w;{s [he dl\LrCPlnL) mudcl frcqucn[l) uscd h)l qu.lll[m\c lcs‘ 1rch
lm\cd b) dcsnrxptmns of the actual srate, Dlscrcpmucs between [l‘c
fwo conditivns dre identificd, making possible recommendations tor
future acuons,

Still .m()[hcr response to [hc chillenge of the mid-1970s was a
greatly expanded effore by NSFE in science cduc ition rescarch: Reports
of [hcsc sﬁidiék u)nrmuc to .1ppc ar., .md NSTA lms h)cuscd IS Biono-
\uch cHnr[s | - l| Such .m Il)scs are rlch SOUTCes ot mt(n maton con-
cerning Successes s aid fuil iires of sucncc' teaching in the US.

Information from 4 wide variety of writings and reports; current

fwmyccts‘. ;lnd rcs‘clrch convcrgcs mn a clmr'luclu.m(m of current sci-

- :lij
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exthood v the '(‘/ii'i'/ui/m),n Receiit NSE Stitvs Studies

|
revid] thit 90 puum of 1l science tedachiers i the LS, Gse i@ testbook
most of the tinie. The texthook ducnmnu the course content, maode
of inscruction, Lnd evialiation. Thi fiiost sipnificant curriculum dec-
ston thar U8 ccachers muke is ihic chivice of thcir textbook: Onee this
s becr determined. teachers dttempt to cover Wl cantent in the
ook, onilly i the preseribed order and with the instrictioinl dids

prosided or suggested

2 Godd e Narrowdy Defined. A pr mup i ]U\[lflg ition for sclioil
Sietive at every level s the propars ation it provides for the next aci-
demie dovel Teachers frequently {Ltuul thicir course: the content
gies because Tthiese dre L\putui by

covered: and mnstructional strate
vt 1y worse whieit

thie teachers stodenos will have next year.” Surchy
sewaindary sthoal reachiors insist that college teachers expect certdin
Anateridl to Have beeit covered The evidence suggests thatoin science.

reachers ar the nest level o lILI\ expect much more of students than

the abiliey o read.
The JUIRIN ot science tnstruction are .xlxu commanly Ilmltui 1 spe-

citic kiow lulL,L diid \pumg pn)u\\k\ Such an orientation is lidiiting

and inaccurate, for ke most complex human uuu; rFises, science is
multidimensional. Sotiic of tliese diitietisiains Gre ds appropriate in the
classroom dn the pmu\\ and content dintensiois.

Failing o detine science content other than thmw-h 4 disciplinie
Diriciitation Guickly reduces most discussions of sciciice teachinig to
considerdtion of the rel vt unph isis and \LL]ULHLII]L, of given science
topicy ~almostalways those traditionally puacked into discipline-bound
conrses. This vicw of science also expliiiis our iiibility (o constder
sthier dimensions of scence.

TR Lecture Ivihe Magor Pine of Distraction, with Laboratories
tor ! Craticarion Odier serious pmbltmx Are mn[ui 1 Our i llnlln ti
move beviitd the lecture Gs form of instruction, follow od by stiideint
recitition. We luve emiphasizad the presentation of content for stu-
Jdent muastery. Rgut itioin ecaities tsetil ds a fornt of motvaton only
for students who want o succeed in tr. uimun il w ays.

NMist science courses tail o |ndudg even ot experiment i it
Allows studernits o rdenrify and define a problem, propose procediires,
collect dnid fiiterpret results, or ne ke decistons. Students rarely engage
i activities for wliich tlic dlis®ers dre i3t pm\ldui by the textbook

anchors; by the teacher, urh\ other \rudun\ Nany dcnv s 11 SCIence

Clissrooms are nere excreses i following dnuin\ dand \ult\ln

Hforition given h\ the text or teacher.

18
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G Succens Iy Liedwate d 1 T vlitivinad I ar i Eealiiddion of sticeess in
school scrence mirrors our cmph ISis upon mmcm foiits own sake,
teacher lectares; and textbook puxun wions. By emphasizing detini-
ticis and the knowledge dimension: we tend o circumsceribe scence.
to ik plippers i of stidenss, aind 1 reduce seivnee teaching o x
concern for detinitions, vocabundry, and Liws,

S, Scivitee Appicar Renriced Privie the Warld O/k[ihh the Class
yoeon, 1t 1as become common in the LRSS to amic the hunuin Jdinieii-
sion from science courses, This first occurred during the 1960s, when
Tpure” science was stressed Al sensitive or controversial areas were
retioved o de-emp hw/ul \ugnu seeins o hive been separwued

tmm [l]L SOUCHCly «-t w lmh it h is Jl\\ AVS bun, .md nitist bc A pkut.

mdudmw ]lbm dtory acrivicies: in fit ne ul\ mneo Lll\\ pult)d\ [|1L‘
schooh iy, aind thie sehivol e, We liive been slow o use che vast
resources thae thic pusnn q expericitees of every \[UdLH[ umld add w
the seience class, We have failéd o ackaowledge thae thie world itself
is the red Taboratory for science studies. Some now teel dhae most of
whiat student krows, feels; and does refating to scicnce comes from
nunxghnt)] g\pu 1etices. ]n\[cld ut lttuum, \mduu beluvior in um -of -
()f lIfL‘.

A Shortage of \uuzu aind Mathe IRATICE 1(_ u/un Hl\ 7u/?n the
I mﬂ spread Use of Unguadificd and 1 m/an/wh//u/ Teacheri. NSTA'S
fill 1981 survey of 600 colleges and universities which DIL‘PIIL science
aitd nnidhen ities tedachiers showed a \li()d\InQ ten-vear drop in these
areds of unullmun ;g 7O puunt dulmg for mi uhcm IHCS] md a ()l

conducted in tall I‘)H’; \h()\\ i huthu dulmg /\Lundlng to dati tmm
the National Cener for Educaton Staustes (NCES). the decline over

this < iitie period for teichers in U[hu fields was unl\ about 25 per-

cenit, and thie declinie in etirolled students wis souller yeq lb()[l[ 20

pereent. '
The demand for science and nu ih teachiors is even gredrer, how.

ever: '/‘stcurdn*n to NSTAs full TOR2 QLIr\'c\' '7.2.()()() classes i science

aned . uhgmmu could not be scheduled in 19821983 for luck of

e uhgr\ And or resourcees. ln\u ld some 640, ()()() \()[lﬂLH[(I\ who

in u[lur \ub;gux for w hlL]] no [g.lghu short e L\lS[L‘d Of [l]L l/
million children in grades 8-12 chis school year (1982-1983), 6.3

i -
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Nt D atrons bl Ui St

r‘.nlli«.n .li:t' ii‘it taking #tiL-xiLL- iml O |i1illiim’ dre ot tiking nuedln

es s L{I'i)}\;\i'(i SO

h astivally, hm\ L rln \(ll«n)|\ be tlmimw teae s to Bl classesy
They fuve lxul cinploying sosumdncd and ragaadilcd teachers: Tn
FOS 11982, halt of the iewly criploved ace and mathemuaticos

teichiers inthe ULS were unqunllhul isee Figure 1, pp: 8 and 90 Such
teachicrs were jured with pru\‘lxlnnnl Ceniergeioy certification; or
whedi extreinedy low cortitication stand. nd\ were noettect. k fergeiiet
micdsures nive nade poscible dhe re wsignmient of teadhers from phys-
ol cducition, home ccolioinics, sl stience; elem. .n.n) cducttion,
aed other fields where \Ulp[ll\(\ UXist.

Te acheis dre dlso coniiinoily transter red widhin science, for exam-
pl& Fromi Bivlogy to chicitisery i }\h\\u\ witLout sufficient qu itica-
Ciotis (o feach the subjects they have beein dssigied (see ln_,uu 2p. 100
Currently: over 3@ puum of all seichee dnd idtheiinitics weachers
tedchiiig it grades © v 12 wre unqualified or severcly underqu mmd

Principals aic t.xLL-i{ with an overdl decline in seconddary schiood
cirallment, 4 Sirplus of i liers in osomie arcas, aied @ shortage of
seietce and mathematios reddiers, W lio e blome 1 ﬁi:iiicihll who
i"c.i\\i_ﬁn; a long-time taculty munhu tront . nonscieiiee tield o a
cdetice oF nuith stor when no qualificd weacher can b toiind? M-
over, el i ginlified person is available, tigho budgets and e Tiers
contracts cin preciude a p!mupll < hiring a new staff member: thus

the pxmupll i torcd to micet the need through sttt reassignment.

Vo Crmrdared Carricidany Nealoety 1he New 7o amd dnririagy of

Moy Stadenis The pmhlcm\ causad by a IILR ol sutficieint numibers ot
trained e, 14lu1~ xS unnpuumlul by the misanach between soeiice
and mnhenatics cotieses Jdiid thic eeds and interests of students, The
seicnce and madhemuatios courses i i US, schools woday are, for the
TN EENIN only \lu:lnl\ maoditied \uxmnxut thiose dg\dup(xl h\ (Cams
OF sciviitises and teachiers after Sputnik. Yot as: Jerrold Zachariis MIT
physicist dind mn_,i(mun and developer of the Physical Scietice \md\
o Phivsics. upmlul in restumony on February 19,

Committee PSS
1OR0: Detore the Subcaiminiitivy Hit STienie; Rescarch and lulmnlm,\

ot thic Comnuittee on Scienee and lulmulm_,\ 1S House of Rgpu-
sentdtives, “We had "Imcd onhat the college- lmund and tollege stu-

deinis beaiiise we cauld nor do evers dhing at onee. 7

Our PI(\LI][ scictice il iith cotrses focus an pure seiciice i
asually cmi px actical applicdtions, technology: and the relevaney ot
SUICTICT to sactety's pluhlun\ They Jo niot prepare pcuplg w enter the

Hiviid imnscicnce occupations it reqjuitie geiterdl technological

13
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Fi igure 1. Teaching Ficlds of Nc\\l\ lmpl()\ W U nqu.thn.d scicitee and
Mathematics Teachers; 1982-1983; by Ficld of Preparation and Number

SO g Science Peachers

NN S

HSEE 3

OO

AL 4

Mdthemmics
(_)thbdei:enc_e .
Bn\sines:, i

Hdme Economics:
Social:'Sciénccs ‘
Ph"yéic?b Eﬂtvmtdtimn‘\

Towl 1829

Kijow lcdgc for which science is the bise. Nor d() thuc courses prap-
crl\ ml\c into aceount the use ()f um‘nputcrs md modcrn clcummu

f: l\()".lbl( for Unsl\llied pcrs(ms who will work as jmm)rs nurse's
.ndu siiles (.l(l'l\s L‘lshlcrs, and w lters/wkmrcsws The Jssumptmn 1
that th(.sc jobs w ill rei in [ht stipiie dnd will be uni iffected b) AUTOMIA-
tion. Ten years ago. such critics would hive predicted Kigh employ-
ment for service station atcendants. But now, with dutomuted seif-
s‘crvicc gilsoliﬁé ,iiiiﬁﬁg-r iii'c h"c'cd is for h’igh-t’edi d’e;-ig'h' %;il'ci; 'r'ep'-.ii'r

pmduunxty in N 1rl\ct1ng g‘m)lmc
""" larly, the trend toward automition clts aeross virtually every

15
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Scicnce Bdacation v the Uiyited States 9

Miidhicnuitics Teichers

AN

NEOR J

Tl

SOHUT

Socidl Seiences
Physicat Education

Home Economics

Othér Science

| Business |

Tl 8,750

777777777777777777 Al lUb5 The processes of lﬂVCﬂ“ﬂ}»

desmmng, engmcermg, pr()ducmg, selling, installing; and maintaining
"""""" t rEqmrc C(msu‘enbly gr(."ltet‘ Skl“‘§ than any

increased by an order of mdz_,mtude thereby increasing pmducnvlty

Technically crained pcrsonncl are esscntul for the creative Jcnvnty

()f mvcn[mg the new devucs that W()uld Ju[(;mate jobs for ]:mm)rs,

<0




Figure 2. Subjects Thughi ti_\" :\*L-\'\j_\'- Einiployed.
Unqualified Science Teachers, 19821983,
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Nercntve Bdacateons me e Unsred Stazey 1

force—like Lipdaii's- -lias the scientitic and wehnical knowledge to NTY
cnsic ol whidt must be done to imiprove,
S G Sciciee Lricractioir Teinres New Inpormarion abont Hor

Poopde Learn Scivnee The Listren years have provided piuch dew

.nt A LON u»munnm [ng w 1\ lmmm bum: |L"ii'n 'I'IiL- L'ui'i"clii

hu\\”[ dt\d«,ps. lntm n
application ta school seienice LI.I.\ﬂU()H].\ Vitiols new \(Udlt\ on [Il(
\[i'iidili'c of the QL'iL?hL‘L@ tllL-iii;L'li'L-.i slifrgest new ways for sgieiice

‘/mprm atoand Other Reinuree Mite riali anr

Supplicy, Serercly

Iw.. i ooy Whodere i Mot Science (/1\\;'rmm\ aond Labaoratorios.,

Ilu)xg th. xyg KISt e ippropridae tor the science course content and
e, urmm/muh s teeded o tipd.ite plgu)llum seivnice cdocation:

1O, Sedeiice Cnitent it I/L ML) Sehoeds iv Newdy Nenexa
cont, Téhehers are ilzprepaied sresotirees e Licking, and the foeus on

the so-cnled basies has tended o ignore science,

B: ADDRESSING THE CRISIS

I The Seareh for Exvellenee. Descriptions of current practice nike

mneere
bringing about change and iiiii(i\"i[i()h with more surety than afforded

stinng rédading in dany profession: but chey are of limited use in

by thie usu: al crial-and-error process. There is some merit as Thomas
Ldmm caid, in knowing o lot of (lmn:x that won't work., FHowever;
knowing whiit does work is . considerably more direct route to
SUCCESS. o o

The Scarch for Excellence in Science Bduaition was  fogical and
.1[ml uuu_,m\\th of diis 1dea. \pun\nr\hlp by the National Science
Teichiers Associidon and dhe €ounal of Stute Science Supervisors
(CSSS) was gqll‘lh Im_,lul NSTA. with a membership of 10:000
\’ucm'c rc.lchcr\ md ( \\\, w hmc mcmbu s ‘.il( stite seicnie u)urdm -
active organizations. /\n()[hcl Important \punwr []k Nuitional Scicice
\upg reisors Association (NSSA); helped immenscely with pubhuzmg
the s« ugh for exeimipliry scienice progrians Puartial funding was pro-

vided by the National Science Board (NSB) thmug_‘h its Commission

on Precollege Educaton in Mathematies, Sdience and I'uhn()ln‘g) 7
For 1982; this new and continuing cttmt identificd S ex imples of
excellent progeams dhiroughour che H:5—50 through NSTA's annual

25
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effort. wnd one cach selected b\ thic Ediic. ition Divi istoni of thie '/\'m"ux
can Chemical \u«.‘lct_\' ¢ ACS). the Natlonal Assoctation of Geelogy
Teachers (NAGT the American Association of Physics Teachers
'/\ AP 1 voaiid thie Noationil 2Associztion of Hh)l«)g\ Teachers INABT).
Conmplete descriptions of these progriins die being publishied Gs
series of munugx lPh\ aviibible from NSTA beginning in 1983,

The criteria for this search came .lbuut thmugh restiles of Pm et
\\"nthcxls During the 1982 NSTA Scarch for [‘\lLC“CHLL‘ g\).lls and
thie geiieral d(sUlptmns of the desired scate for cach of the five focus
areas were tised to define excellence in school science programs tsee
Table 1. pp. I ind 159,

In the spl‘ll]" of 1982, stare science u)nsult mts in c.uh stite HGii-
nated outstanding science pr()grlms in cheir respective states. Often.
site visits were mide to verify program u)ndmnm A statewide com-
niittee read the noniination papers cach case: In all situations; the
samc sticed criterid diid thL Sditie sedarch process were .1pphcd

By mld I‘)H’, nclrl\ 1()) \t‘ltc nomindatons were submlttcd to the
mpl irs Were exd [mmcd b) CONMILICeS u)mprrscd of some mcmbcn
of the vriginl Pm]ut Synthesis rescarchers: The 50 mugl AMs Most
coscly fitting the desired suite eriteria were named Nutional Exem-
'pl.lrs 2 in Elementary Science, 10U in onlu;‘\, 8 in Ph\,\l(..ll Scicnce,
10 in inqmr\ and 10 in Scienee/ xcdm()lm_"/ Saciety. The review
coinimitrees alsa sclected 6 programs as pm trayal sites to be known as
Centers for Excellence. Three-person teams (including appropriace
stat¢ chuairpersons) spent dpproxin ltLl\ two weeks ar cach site duri ing
spring 1983, These Ceneers for Excellence represent i briad range of
subject miacrer and :_,u)gmphlc i discribution; miost were scleeted a

(.)\Llﬂpl 1r\ m IH()Y'L l'h..”l ()I]( t()LLl\ ..llL l

.1buut teachers in thc progran ias w cll s mh)rm ition on thc pu)gl am
xtsclt (,(mrdm.m)rs‘ or u)m'ut pcrsnns wnlnn ¢ th L‘\Clﬂpl.ll) pm-
thc) fclt clearly rchcctcd rlu 1m(m|lc uf the c.\cmpl.lr) prograni
ltsclf Thcsc guestionmiires combined the qucsrmnn aires-developed by
Weiss | 10] and the Science Attitude lmu'imr) [t snpplcmcmcd by
° additional demuographic qliestions. Almost 300 questionnaires were

c nnpleted

gliestivnnaire w hich prov ldcd dc .nlcd informacion about thL nagure
of the prograim and learning activities; evaluation criteria; and che

23
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past, present. and tuture of the program. Appropridie dde from the,
teacher questionnaires have been compared with resules from the
sdiie 'q'u'cﬂii'»nn tie .i;iini}iislci'td by Weiss to 1 random sumiple of all
svience teachers i the Ulso i 1977 The DAFEIYe GUes inaires
provide descri lp[l\( inforination-is well s ex. lmplu U pradctice Within
the exemplar programs.

Visits to the Centers for Exeetlence are pm\ MmL Cuelt Lioie des
t. ulul inforimiition aboue che history and day-to-day oparioon of six
nplars, \\l‘uh w I” b portriaved Hi G monograpli v nlibic from
NSTA in Lite 1983 Portrayal visits ln\ul\ul'lt ledst bnie iwiniber of

rhc mwmn "mlut \\ ']Lllt\l\ [g . tlm Stite nhmpusnn .md (th
»punl u:nsult s to the p.lmullu program .md A nuiiiBL-" of the
NST \ \c nuh (()Hllﬂl[[t( lhc pnrtt ivil reand u)llu(u‘ information
leaders, graduartes, and \glmol bo ird ficinbers l'L‘;L',‘.H'Lli!igr.ﬂ'i(‘rlj;’crﬁrii—

eram gouls: successes: and impact. Each team member identitied and

i rated factors associated with this form of excellence.

2o Fcdorald Srare wond Tocad Revponvihidities o the US the detirery
Gf precollepe edicdtion is Clearly @ state and local responsibility. Thus,
teichier sdlifies. noriil supplies, mater 1}115, and preservice and inser-
vice education programs must remain a local and stite responsibility.
Rc%'lifﬁ——ﬁniii B'hiL‘ i'L'sL; ii'cli iih ILiirhihﬁ ihd tIiL' uiL‘ iif’i“ii‘iii'us‘

quLllet—I\ dn .1ppmprnu xphuc nt activity for tederul 1gcnuu
The federal responsibility tor puu)lluvc science and nudh edueation
<hould be exceuted mudinly through two agencies: the U.S. [)cp.ut—
mient of I dm tion and the Natooal Science Foundition,

The U Deparunent of Education; thmuz,h Lrants to state dnd
loc.dl cdua ition dgencies amd thruugh programs at the I)cpn[mcm N
N.tonal lmutut of BEdiication (N1E), is iible te play wn impor
role in addressing che science edudition crisis. Stite and loeit fuitds for
preservice and inserviee training should be augimented by federal stip-
port through the Deparcment of Education. Privace sector support
could be sdmuliced h\ sach means as tax credies; but should focus
istanee in che form of macching funds,

m nnls on Im.ll Cominunty
resourees, anid personnel,
ln (dtlc.l[lt)nll usc.xrch Nll shuuld bc plmupxllj rcsp(msxblc fm

Course CONent; structare, rmd .1pplnutmn5 lcsulum: from Nll -sup-

purtcd basic reseireh.
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Tabile 1. ABbres iited Criterii for NSTA'S Szarch for Excellence in Science
Education.?

Jiomroniary Sooond Soncine
E lnm\ Dit et ive conmtmer belavior

O Deal with eHeddive peisopil Hcdlth pre atces

D I(cu)_x:m.tc pcuplu S ettect on cnvironineit dnd vile corsag th‘\':]“[‘ uhiw‘ll.lii.\liii;
i iil;\c-i'\L- Vartation mninterpretation o e it

S Eapenence the hard work mvobved with resolving probilems

0 l Gl OFF DiCir variee Cob butsic soIences

Fecognize the }U)P]( iiicoiced with scienatic pmnnh

Bl
| l se Kiow ledie 1o nnderstand elt
2 USe knewledpe 1o lu.nch' Guiility of tite aind living tor i Dun\ N
v Study hutnan bemes o natur., ll uhl ot il Criviroiiien

b Fodis ol carrent issues and deal with morals, valiies, ethics. anid desthcrics

Proyar i Scrane

Apply piysicad science ideas and orinitiog w rL’i]-\\"ni‘l(l problems

2. l)l\DI Wy content in context of soctally rclu.m( probleims, s as siciict “disciplines”

3 Locis oo persanal needs, sodietal issues, careers related o physical science

3. Fudorad Dnatiarives: In the 97dh Congress, 17 bills were introduiced
o .uldrcss the crisis in scl&jié;aitlc.l[l()ll By March i1, 1983, in the
08ch Congress. ‘s(\(r.ll ot thcsc bad been reintroduced and new ones
introduced as well, The US. Housc of chrcscm irives has already

passed H.R. 1310 for §i25 nn]lum of which §130 mlllmn is fur NSF;

dt lc.lst six bills relating to science cducation have been introdeced in

thc U '\cn e

rization to mMainin thc hc.ll[h or scienice md the science educacion

which supplies scimntists. As deseribed in Public Law 507, 81st Con-
press (61 Rev. Stac 19, S0 147). Scetion 3(2): Thc l()und.umn is

“iuthorized and dlrcued——m inrcnce and s supp()rt . science educition

pr()L 'S it il levels © o 1o The existence of the present crisis And the
varicty of € on;,rcssmn 11 inftiatives are clear evidence that NSF's poli-

cymaking body, the National Science Bo.lrd hiis been negligent over

fong period of time.

25
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Sercoree Bducarnns prthe Ugured Stadov 43

Vs .
v “Deat with real ;.}_npig i scicnce where processes they use e h( . nsuw\l

A fedude el rescardt and ont b school exparicnees nmstruction, s well

dandrd Liboratories

y Daers

Cachiens Vi dUiEs, eicouige sudhian oricntition: ard possess such personal
shalis :
S Lasrornns e soenee ohitects and events wiee studenes focas o m\cﬁ.u_l\mn

> Clrrwy

B OIS G sTruct o gred :( DG L scIeTIce plnu\m ST

. . . R
i Teadhiers wet s role el m\.gh'lmr Pasfies ] adinrung errors exan’iming values.

and (UI\II!IHIIIIL TACIT OW T HHOEI e

S ISR O TOOTSES O c-xp:«n:umu rather than “ceverane”

Sezet oo edory Sl

P T Y wlu.u e Hl esonal e and to cope with tocreasingly fechnologt

calwe
2O warloacinologic - socienitissues

S o on decsion making

. i Provsde dcourate prorure of cpportumoes and requrems s needed dor wide
variets of careers
SThi fodie are ddsesbed taore talic o NSTA S moncpraphs Bous R el Sap doe
L

AT

e NSB s suppmgd t set poliey and o recommend pnmmms and
budeets o suppavt those progriis. ln an effore w prowet md pru-
arch, the N\B lms systematically re-

mote support for scientitic re:
uud \[xp;»()ft for science education for more than 20 years (&/ee Fi igure
 pr L6y We now fuce the consequences of that fong-termy neglect.
In his testimaoiy b tore Cofigress in February 1980, lerj'uid Zacha-
rias stated the NSB problem well:

]nbs leisure,
nd on i sound
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In spite of thc NSB's lack <)f action in carrying ouat its stitutory

()bllg,atu)n science educators continue to believe firmly [h.l[ the vrigi-
ndl reasons for lodging science edacation pr()gr.lms at NSF are still
vahid and important. We mitist develop science and machematics edu-
cation materials and train our tedchers in a partnership with those

scientists who discover new Lno\vlcdg,c Thit knowledge, and the

mcthuds used by scientists to .mqu:rc new knowledge, are u)nst.mtly

changing. Science and muthematics teachers need direct, u)opcr.mvc
relationships with scientists and mathemuaticians: Involvement of re-

27
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Sovence Placcationr i the Unecd Sty 17
o
NG mh suu.tl\ts in \Licna ulutniun is’ L<"<_n'[iil Ns‘l“ is §iiill|.

Tvery lm_,h qu. lln\ sglu[ul O3 MICri

[‘\'cn (Il\)UL:]l [hc I\\B Ill\' hccxi §l(i\i' }) xgspund [() lllL P[gsgn[
ties md i rhc privite sector, ds \\(]l A8 tlnm it rlu /\mu icii /\wm-
dtioi for the Advaiceniiciit of SO e (AN AST aind the Nuatioidl
Aciademy of Scierices INAST, h e shu\\ ngreat lntgxg\[ JHL] CONCern.

\81 l Iu/luuu\ NSTA Ins bun lll\\)l\LL{ 1. VAT t\ ui W

in .xddrcsmn;;_: the crisis in scicnce education, ”
statement ".Qg'itiic'c—'l'cdiii(vlugﬂ\uﬁucici'\': Science l'nlnc'nmn for the
19805™ (}\'ppémlik pp- 109-1120 has received widespread acceprance.
The officers and stff of NSTA are working with chie media to inform
the puhlu For ex ample; in 1983 the Assoviation's executive director

ticles

Wil

tworks
The

Has Beent interviewed on all thiee nujor tclg\ IS1O 11

refeiring to NST

A hive appeared i1 Newiweedk, Tiine,

Street Jowrnal. and hundreds of iié\'\-;bq&bi's ACTONS rhc country, The

ettorts of NSTA members; as well as our atfiliates; are h"n'inn a
pmtoumll\ positive LH(_L[ t e not others, are scteing the agenda for

scicice education in the 19805 dnd huum]

Referenices
Harms, N C oand )0 RKahiles 170 Seavo ond Nocds o Pro Calic oo Sinonce Pl
Srealt 7\’:/'/'1';' ot Preoccr Nyl o Pl report to NNFtor Graoo, SED 7 2 o00t,
\&V,I\h!'l‘uiwii DO osg
N Cand RO ﬁ'.g};L:r Wi Novcan R W IR \7.,‘17!4'LL Toador, Vol 3
\\ dstipigton, l)( Nationdal sciciice Teachers Association, 1981
3 l]L'I‘L,L‘\HH. ST P l Biosser: and R \\ Fowe 17 V\IJ.’J/\ o /;I’L o

Matdcncatios wond Sescrad Scacnce Lldacation: 1055075 The Center tor Science and

NCTO T

Mathemanes Education, The Ohio Steee Universany, Columbus Washimgron,
DY S Govertiiici f’iiiifiiiL()Hlu (AP

i Maoore, RW L und PN Sutaan, " The I)uiuluﬁ:iichi_ Fiehd Tostand Valiicion ot
an liventory of Sacnotic Avcvades T Loarnad o Rovcardds i Scrce e Toachon
TSRS Ui 9T

SONationad ,\\\ ssment ot Fducaronal i}l‘11’ﬂl'L'\\ Serences Scoond ovenimenr

U7 s o \k/L wee Povrerneanec 109273 wand Bxcrane Uiduned aond

Appondd APl 1077 Sueiee Todhmiead I\L/' ot Ngopmary Vadunie oMay,
19770 Nercnno o T and o Vit UG T e Nateorid Clevivanente o
Sorenees Chgneoay o claiaercmecnr, 1909-77 llunu 1OTS 7T hird vieveme it

crSerorce, 79707 Released exercise set [ May, 19781 Al some unpublished
-

o

GO THE 197077 SUEHLe dssesstitenit i De fvern, Colo,

© o0 National Science Foundatton, Wi e the Neods i Pro-colloce Scicnee, Mathe
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Part II
The Science Teaching
Protession Speaks:
Where School Science
Should Be

30



O

ERIC

Aruitoxt provided by Eic:

of

P ’”t I

meessmn Speaks
Where School Science
Should Be

NSTA S lc‘xdcrshlp teiant (buard members and major committee

chairnien) were invited to consider the following: .

scientific and techno-

There is 4 pener ral .1grccmcnt that che level of s
l()é,l(dl Iltcru) ot »’(mc‘rlc‘ms is bdm\ [hd[ (cqulrcd by the dcm.mds of
ions
h.l\(‘ bccn furmcd o .stud) thc pmblcm .md to m.xl\c rcu)mmcndatums

for its solution.
Hcrc is W hcrc \\c .n sucmc cdm 1tors must m.nLc subst.mt.vc contri-

rcc()mmcnddunns for action. T() b; more 5pc;1h¢‘ of ,111 thut you belicve
can or should ve done, suppose that you had to muke a recommendia-
tion h;r thc $ f/c niost unp()rmnt dction to bc dkcn

concerns; .md }m/u; concerns.

In the first group of p.lpcrs the practical concerns—abott resuurces

stichi s studcnts staff, and money—are highlighted. These questions

are cxplorcd

sct

sci

& Does scientific literacy make a difference?

® Do we tap the basic beliefs of scientists and society in school
cmc’

bo we make school science av Jlldble for all students?

Do we muke school science available for women?

Du we lmk e h()ol science with indaztrial resources?

Do we hintk scliool scietice thh local community resource 57

e Do we link school science with nonschool constituents?

In summary, a profession spedks regarding practical concerns of
ence teaching, the relevance of school science to human concerns,

w31
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the n.ul lblll(\ of schiool scicnee, and the linkage of school science to
nonschool resources. Should we be .xddrcsslm_, these concerns?

In the second group of papers, progr.m concerns about curriculum,
inscruction: and teacher skills are emphasized.

o Do we include the essential aspects of scicice in our definition of
sdmul science?

& Do we expect school seienee t nurture creativity?

8 Do we tup the indiv |du il unigiieiiess of students in schiool scwncu

e l)uc' science teacher prepardation nurtire effective science
rc.mhmr_:

° Dou a4 e mhcr s know lmlgc 1mpr()\g his or hc science [c.lchmj,
rc.lchmg.’ o 7 _

e Do we have resourees to develop the dew teichers needed for
school science? o

o iXiL«‘ school science tap the key resources of the elementary
schiool preparation?

e Do we link school sciciice U thie seience prr\ isor s 1 resource?

As profession. ils, dre we dwire of needs for carriculom tatlored
ii]dl\'ldu‘.i} studcn[ dlffcrcmu .md w0 thc nccds and interests of
Thc rhxrd proup of pxpcrs tmusu on p()llLV or p(mtm il concerns

rcl‘xtcd o prercety ed riceds in sciool science.

] l)u we m.xl\c sdm()l science fic che needs ()t c.xch lL ungr’

of sgh()()lmg_,
e Doecs school science enhance w rmng ll[C racy?

e Does school science enhancd lunguage literacy?

e Do we s science reachers influence political or p()lm' decision

turthcr questions thiit require '.lluc )udg.,mcms Thcsc ask whar we

ihordd do;in light of what we can do.




O

ERIC

Aruitoxt provided by Eic:

A. PRACTICAL CONCERNS

{iaij{tqn H. Stedmian Fraices Stivers
Austin Peay State University Terry Parker High School
Clarksville; Tennessee Jacksonville; Florida

Jaimes B: Comine deseribed seience as 7222 specalative enterprise
scicnce is not only @ quest for certaingys it is racher @ quest w hmh Is
sstul only to the degree that it 1s contiifuois.™ We lave demioi-
's‘ri".i'r'cd i]ur iii'ibilitk‘ tii d'c&’cliip' iii tIiL~ iﬁ;ijkirit'\' of our y;mm,i 'p"ciip’l'c

.sr.mdmg of science: A clmcl) rci;xtcd concern s our Iﬂ.lblll[_\ to
develop in miost students a satisfaction, if not excitement from ex-

plnrmw thc l]]\s[(l'lc\ w lnch sdmol sclence pm\ ldcs

‘rhcn w h it can bc done?

Few people would ch: xllcm,c the perception that school science has
never Ixcn tx\urcd with full dccepuince as a vital purt of thie clcmcn-
nr\' .md mlddlc sdmol ulrrnculum l-\cn durmg rhc uuucul I 1(\()lu-

there is reasonable belief and some cudcncc chat even schools EIi;iE

adopeed the new curricula of tic 1960s did not fully adjuse to the

theuretical base upon which these new ideds were tuundcd ]
Thcrg h e Ixcn .md are C\mel xr\ sclmols and tc.lchcrs w ho excite

The bru,hr sl’ilmm, sturs of prcs ‘rvice pmgr s are oo ntrcn Iost mna

MxlI\\ Wiy of school systems dhir neglect seicnee cducation:

u)ph\tc dand L\pgl‘lcﬂ((d teachers dlike soof lose thicir eiithiisi-

asm for wiaching science in an environment of basic skills dchieves

James B, Conant; Scicnce and Commaon Semve (New Haven, Conna: Yale Univer-

site Press, 1991
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ment and che collection of milk imoney. Teachers are no different
from anyone else in their response o the existing reward syseen If

che principal; superintendent, bodard. and public deinind stceess in
Basic skills, school science is reduced to secondary importince. When
this condition is cotipled with an ignorance of the positive relatiori

- ship between learning science ind developing lguage facitity (arela-

donship which research findings imiply), then school science nuay be
cither neglected or eliminated entirely.

Shulman and Tamir | 13] suggested chat politicians have s mitich
t say about moleculir biology as does the Nutional Science Teachers
Association. Although this is regicttable, ic also cells us something
about politicians. They have power, the same power thae Jaanched
NSF curricular efforts in the 1960s and thie passed and funded Public
Liw U4-142. The use of this power is viewed hereas ouronly reilistic
chiice o dttack the “cause” of our science ~roblems racher chin
continuing to trede sympeoms.

We must radically andG '\'ili_ﬁ'()'i"()'i.l.s:l‘i' mount i niassive naconal com-
mitment to establish science as one of the necessiary components of a
sclivol's curriculum. Weinberger stated it chis way:

Our youngsters need to be exposed as carly as piissibié to science; mach;

and techinology. Unless we begin now o miotivate and equip them w

pursue scientific and technological wireers, the shortages will persist.

RNy . L - : :

Stich in effore would not only involve a national findnciil commit-
micnt mich greater than diae which occurred in the 1960s. but would
also require considerable incentives o states so thac good science
programs in all schools would be assured, This efforc would have
guirancee chat school scicnee be presented as having e lease che same
importince as mathematics and reading. 7

There are at least chree strong arcas of support for dhis recom-
mended revolution in science education:

|, Artitmdes are often formed very early in life. Lack of exposure to
Scienice instruction removes an option for children. They cannor
develop positive acticudes about somerhing they hive neithier known
nor experienced, Choosing 4 career is a process which takes place over
a long period of time [2], and thie middle school years are especially
significanc for science. | 3] Fennema concluded thae girls have positive:
attitudes about mich antil about sixch grade |4]; then cultural faccors
begin to interfere, und more stereotyped atcicudes begin to form. Fear
and anxiety relited to the study of science have become so pronotnced
that a Scienice Anxiety Cliniic has been founded by Loyola University of

34 ,_ .
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le_.u,\) [(»] A similar institdte in \Y’.lshm;_,t(m D.C. his focused on
muthematies anxicry and avoidance. Worthy staced [IS] chur . .lmom_,

IE 1pmcsc children; especially girls: there \cems to bc none of the fear

nt science .md Ath ithcm tics [hlt is muml m [hc U

properly trained in scrence cduc iion slmuld tet th at Luu’) gr.ldc lev cl
Our modern world is 1 lm,hl) technical one, and technology is the
outgrowth aid g pmduu of scienee. lrhcrct()rrc. every person in
society needs to ledarn the biology ;)f}l]glitiiﬁ'ih body and che broad
L'k)'nL"cp'tk of ¢nvironment in which he lives. Citzens should know
about many kinds of living thxm_,s and how thc) relarz co one another,
€inzens shonld learn abounc the natare of mceer: ics composition, ana
how its torms are relited to OFginisms oi Earth and i1 the cosmios.
V()nl}”\\xrh d b.lrhlrL unde r.sr.lndmg_, of scitnce cin students begin to cope
i'n't'éllig'cnt'i' {vitli p”riib’léhié hi'&%éhtt‘d bi' %ki'ci'ct'\' and rECliii(iliiL:i'

r mx_v,hr in 1 nunner .xppr()prl 1e to rhc level of smdcm interest Prub-
lcms in society rlnt hiive been ‘;,cncr.ltcd by tcclmolo;.,) slmuld bc
.1ddrcsscd W hcn th() are pcrnncm to. thc Lurrlculun‘ ;md whcn the
At this point, rhc studcnt should also be lcd to rc.ll.zc tlmt pmblcm
solving is never permanent; solutions coday ITTI) need to be revised
tomorrow. Greater scientific lltcr.u) prov ided through such an ap-
pro: ich in uur publu sgh()()ls should enable our future citizens to make
many more intelligent choices dand even devise better, or alternative,
solutions. ' _

: ]\’¢'\:L'1}:1:/) z\ }éa'eziw/ (’tii:i:éiii é?i’déﬁcé S‘iif)fuifié Elié idéﬁ Eii"ii

micit, word u)mnrchcns-(m voz.ubulur) use, llstcnxm, sRlll sentence
construction, and paragraph i mtcrprct ation are ;ust some of the bene-

fits assocrated with .lL[l\’l[)—()rlClltcd stience inseruction. | 1;759:10;11;
12| Science instruction can and does contribure to the dculupmcm of
bisic sl\llls bc)()nd the ledrniiig of science conteiit anid processes.
Duniel Greenberg |5 ] has wdarned dhat we dre producing successive
generations of scientdific illicerates; to the detriment of industry;,

defense; and eulcure. Gre mts, loans; summer ;ubs hl;_,her s.ll.m( -s; and
similar inducements for seachers may reduce symproms tempor: mi)
but dn\thm;, short of 4 massive, n.m()n,ll comimitnient tw providing:
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quility scictice instrucdon for all Bes: clementary and middle school

children is not likely to tredt the cutise.

|

5

0.
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Do We Tap the Basic Beliefs

Of Scientists and Society in School Science?

Public Attitudes and Education

Margarer Mead's classic study on high school studenies” inige of
scientists demonstrated the persistence of miny myvehs in our socicty.
One might assume thit the negative imiage of science char existed 2
yedars Jago is gone, but this Is not nec arily true. Saturday morning
cartoons on television and many p()puilr movies today still porteay
scientises is secretive, aloot iriciiibers of their oW fysterious friter:
ity who dre out to tamper \vlth niture and gain control over others.
Opitiion pull.s Sugriest that the general public still views science with
awe, suspicion, and mistrusi.

It iy clear chae science no longer pmxcsts ihie inporance thie it did
front the late 19305 w dhie carly 19705, Why is this s67 Oiie busic
itizens in this country do not under-

redson is thite the . jority of i
stand thc nitdre of science. They do not .1pprumtc the tace cha
invesanients today might tak¢ a decadé or mored o macerialize as some
technotogical pr()duu or m]pxu\cmcm in the human condition,
Throwing money it science tod: v will 1ot result, as sonie })C]IC\L in
s()l\lllg world probleiis bx OGO W,

Public :dluuls JI\U deeupy d social position different from thae of 4
decade or two dgo. While muny think we have “bottomed out:” chere
rn over the level of state and federal supporr for
sion.

is still grave con
cducation. Teacher morale is ac irs lowest since the Great Depres
Particelorly i science dnd oniathennatics, the teaching  profession is

.slmrl\ ot .mr..umgy .md ret 1-nmg ies f'lll sh;lrc of ['llCﬂ[

tul. [h()l()tl}_,h long rmgc cducmmmi pimnmg, is not an issue o
\\thh i1 p()imu U1 N GUr COuntry cii gﬁcr clcctcd Thc L,cncx 1l publu
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value certain ocher things. Teachers are not treated with the respect
they deserve and, like scientists; are often misunderstood. Public atti-
tudes and vilues toward education; much like those toward scierice, are
not as positive as they should be.

Attitndes of Seientists and Professional Lducators
Toward Science i;‘:'i’ﬂ:ﬁiimi o )

It is perhaps possible to "explain away " part of the general public’s
lack of support for science and for education: After all, thesc are hard

times economically; and neither scienice nor education is appealing to
an unemployed worker or a hungry student in schivol. More difficult to
urderstand, however; is the attitude present in the scientific commu-
nity toward science education: On most large university campuses,
scientists and professivnadl educators do not work together to prepare
high-quality science teachers. Professional educators are ofren viewed
ber t ent thit perpetuates icself by

ic establishi

is members of a bureaucr:
prescribing an excess of required courses in educition. Academicians
in science, on the other hand; are often seen as crass promoters of
their own discipline, uncaring about students majoring in other areas.
Scientists are often criticized as elitist, insensitive; and intimidating o
those who mighr be planning to becoine teachers at the precollege
level. Scierice education as a profession will never attain the heights it
descrves until university-based scientists and dcademmicians suppore it
Following the exciting days of the early and mid-1960s, science
education programs in colleges of education have received less and
less support: Supervisors of science in Lirge school systems have been
replaced by other kinds of specialists. Departments of science educa-
tih at major universities have been placed within departments of
curriculim and instruction, or have been reorganized into broud divi-
sions of secondary education. While we lear about concern that our
"""""""" s extremely rare to hear a dean

nation is falling behind in science, it i

of education or a superintendent of schools stand up and say that we

-miust insure that science education be one of our strongest curricolar

programs. Instead, we see universities growing in arcas where federal
funding is greatest and wheio current fads are the most sensat.ofal.
Emphasis on the subjects of English, foreign languages; social studies,
mathematics, and science has given way to programs controlled by
educational generalists: ] 7 7

For many decades professional science educators have advocated
scientific literacy for all students. Yet this-concept has never won wide
acceptance. It has been supported nieither by scientists nor by school

35
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rcsc.rvcd tor the spcu‘ll fcw who will go on tw C()llegc to major in
science: cn;,nnccrm&, or medicine. Th(~rcfurc it is not vxewed as 1
pasic’in the clemcnury school currlullum or ds d genet ril course

I\Lumzmundat:mzr for C/umamq Att:i/{dw rouard ;Saz'mu

Before confidence in science edueation cun be restored t a healchy
level in this country, citizens, parents. studenits, scientists, and educa-
tors must beu)me u)mmltted to the fact [hd[ sueme 1S an 1mporunt

L. Scivhce must breome 3 basic subject in the clementary school curriculum. Every
ehild ae every level should receive some instruction in scienee every diy.

3. Sdience in the middle and upper grades shoild be desigined for students of all
udc. nts ncc.d to be Lh.lllcn;,cd', our l(. 55

interests and lblll[lt_\ Our most ulantcd.

muature dnd le

mcmm),ful to their lives.
3. Federaband state governments should provi ulc active la.ldcrxhlp in science educi-

tion by encotiriging levels of excellence commensur: te with the nagonal goals of this

Ll)lln[r‘v
fence to the masses.

University .md L()llcy_ deidemiciins should insist that students in introductory courses

reivive exeellent instrucrion. Producing students with positive attitudes toward seiefice
should be
5. Professional educators <hould
should support teacher-teaining programs designed o produce op-light scienee
educators. Scicnce and mathematics education progrinis shatld be given vis bnh()
Within tacher-training programs; and standiards of ¢ seellenée should be applied in

ol of ail introductory courses in sciehee.

of education

stand on science, and college

ru.rmtmc nt and selection of futare teachers. ) )
. Fimiilly, the scientific community, educitonal leaders, and soeiety in peneril

shuuld do everything possible tw improve the stature of tedching ds 3 cireer. Not until

saience teaching beeomes dtirictive etiotigh o chifage and retain its fair share of
oiialy will we be able to cure the major ailments of seicnee

bright young pmtc“
education in this country. Not until scientists and school administrators alike bc;,xn
jooking up o wachers s the most important inpredient in our cducational system
will the fuil pountnl uf seicnee education as a distinct enterprise be realized.

In summary; it is evident that science is not as highly valued in vur

S()LlC ) JS it k)."n((‘ \VJS nor JS l[ l\ in 9()n]€' ()[h(.‘r prograssn'c C()Un[l’lt‘%

Uniless this trend is changed: the United States is destined to lose its

worldwide superiority in scivnce and technology: If this happens; our
strength as a nation and our influence as z world leader will be

diminished: . -
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Do We Make Schowol Science Available
For All Studenis?

Kenneth Ricker-
University of Georgia
Athens, Georgia:

The subser of science Teachers who need assistance in making
S'cié'n"c'é' ;ictESSiblE ti) li.ihdit'ippéd 'qtiiil[-h't% does iiiit h'ivé ;' fii"c'd

can suddenly bc taced with having « qmdrlplcmc \mdcnt in class: This
saime tughcr mlght never be confronted with i similar situation, but
’4{:\ cral years Liter u)uld hive a studcm who is blind. Of cotirse, some

sucnu: r<_ th(.‘l s, nn [h(. <.l 1S§100Mm fm 2 ) vc.lrs never f 1ce [h(.‘ (.l].lll(:ﬂg(.‘

It is difficule prmldc Cxthcr plcxcr\uc ar inservice pmqr.xms fm
scienve teichiers that s mu<.h bcu)nd miznking teiichers seiisitive to the
needs of handicapped people. Science teachers win bcu)mc hmllmr
with general mform ition abourt the conditions of a variety of handi-

caps and the gcneml lmplycdmms for the science classroom. However;
it is nut possible w predic in specific detail all ‘conditions or solutions
likely to oceuir W ‘th h.mdu.lppcd youngsters. A teacher's striategies in
the classroonm cannot be deterniined intil the teackier is faced with a
n if it were now possible to

student who functions in i ccreain way. L
project specitic solutio 1o problems, ther
solutions will be viable in two yeurs: The rapid advghcement in tech-
n()l()gx can casily ()utdlst inice tllc s()lutl(ms wg prup()sc t()d 1)

How can science teiachers
clisses dccessible toa spcufn_ student who tuncn()ns 10 Ceriain wiy?
ion adequately respond to the plea ()f individual

re is noguarantee that chese

How can the profes:
J;Ichcrs Hclp \Vlnr sh(mld i doz™

munities rhmuglmur [h(_ country: crisis centers, csmbhshed as a meins
of assisting people when they ntieed it Eich Septeml . many scietice
tcachers throtughourt the nation face a crisic when suddenly contronted

with the task of teaching science to a handicapped student. There
should be a place to which these ‘teachers can turn for hexp These

““Sciencetedching crisis centers could be locared throu&,hout the country.

40
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as 2 locator of

) Th crisis ceiiter would fancton m two busic ways
informution Jdnd resources, and s g lender of maerials. When o

teacher rL?'qiiL?kt'cLi help for <p"ctifit sitwition. che center would

respond with ument mh)rm.lu«m dinl, i somie cises, with acroal

piteriils: ,

-

Suppose 4 seicnee wacher were o call the eris

is cenieer and syl

have \mnll\ lmpmgd student i my ph\slu course. Can you lulp

mU lnsr th(_ LC(](L‘T \\nuld seertdann hm\ thie \l’lld(.ﬂ( funcoions m

visu. 11 HiCHIonry Y I\L\t rhc cener \u)nld ascertiin th(. Ll] Iriacteristics nf
the science course. l)() the students use niicrocomputers? Do they
have weekly lab dcnvities? To \\h it exteqt dare visunl medin used in
Ll 1%\’

Otice the center had evaluated a Dll[lLlll i sitwation, it would give
thie te: wlhier spcum su;.,;_,cxtums tor u;pm;., The: response might indi-
wité where thie et A rclncd iterature could be obrained in an
appropriite torm such as in bt ull<_ on tipe, or i Lirge prlht Curric-
vl and instructonal L,llld(.\ with informdrion on modifying rc;.,ullr
mstructional strategies or on alternative straregies could be ideitified

and pulnps lenit to the weacher: The center mu,ht dalso identify

VISt taken physics and would bg

atbv imp. Anui prrson w h() lad alreads

W llllm., tor provide ideas to the te ILhLl anid student. If che use of a light
sersor or other specidd deviee were deemed dppropriite for condoct-
ing lub activides. the center woul ! loan the devicee to rhc school for the
student to use during the course )

By serving s o lending agency. o center could save schools from
ln\m;., o invest moncy in resotices thie receive limited use. For
example; a school nirht enroll only onie lvllnd studLnt in the physics
cotirse i i ten-vear pertod. Thus, 1t would not be Ceonomic. 111\ feisi-
ble for the school to porchase spccnll/cd items. It should be n()tcd
thit this fendiiig dspect would ot duplicate services alre, dy available

through other dgencies stich s stite libriries for the phy sically handi-

¢ 1ppul
Centers would be st 1ttu1 by persons w lth expertise i science educi-
tio aid 111 the teaching of studenes with h. indiciaps. The st iff woild
cabitiiiinally seek purmun information and L()IHPIIL i i g usable form
for suicnce tedchiers The centers would maintun a current inventory
of resources unique to teaching scieice t handicipped smdcms .
A national ceffort must be nade w d(.\cl()p dsvstent to assist L\CT\

science teacher: The ultimaie solution to the "problen of prov ulm(‘,
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do not regularly have handicapped scudents in their elasses; we must
Have information and resotirce centers that can respond effectively

the needs of individual teachers, students, and schools.

<
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Jane Butler Kahle
Purdue University
West Lafayette, Indiana

T()dd) women u)mprme Jpproxxmdtcly 50 percent of the work
force;, yet only 6 percent are employed as scientists and engineers.
Explanations for the dearth of women in science have ranged from
differences in @pdt’dl dbllltleb due to 4 sex- lmked gene | 4] to differ-
ences in early childhood toys and games. | 3] However, anilyses of the
recent National Assessment of Edicational Progress (NAEP) survey
of science reveal startling inequities in the classroom science expe-
riences of buys and girls: This extensive survey of 9-; 13-, and 17-year
ulds shiows both regative attitudes and lower achiexement levels for
girls. For example, on the average, feinales score between 1.6 and 2.5
percenmge pomts below the national mean at each age level. [7] Thelr
responses to items concerning opinions about science classes and feel-
ings toward science as a career are ConSlstently negative. [ 8] Thirteen-

year-old and, especially, I”-)car -old girls respond that the content of
suer‘cc 15 futs to memorize’ dnd descrlbe suence classes as bemg not

and 17, they state thae not ;nly does scxence f:ul to msnll feelmgs of
umfxdence, “sticcess,” or curiosity,” biit it also mikes them feel

stupld

ences bctwe(.n bo/s and girls in science dchlevement are not apparent
until age 13, differences in science experiences are documented us
early as Jgé 9. Brietly; by age 9, girls record sx;,mflc‘mtly fewer oppor-
tunities to work with science materials and instruments, to observe

naturJl phenomcnn and to parncnpate in extracurricular science activ-
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ondary schools girls have had signitic: mtl\ fewer opportunities to
experimiciit with nugnets; ciecericity: heat; solar cncrg,\, and crosion.
Furthermore, thcrc Is daclear difference in girls” pardicipation in tradi-
tionally feminine tasks as conipdared 6 dhieir plrticipation in tradition-
ally masculine tasks. Although secondary school girls report far fewer
experic nees witlt electrical or mechanical tasks than tlu i mon.xl dver-
dge, the aunibers of dmes they lqmrt having cared for an unhealthy
plant or animal exceed thc nuational average: Fardiermore; females
range trom 1 puunt to 7.6 pereeit below the midional mean on
activities such as watching science shows on television: redadinig books,
nigazines: and vewspaper articles about science: and working on
scieiice prisjects or Lobbies: tn addicon: aldhough };ikls indicare an
interest 1o taking 4 vdriety of scictice related field rrips: fewer girls

than boys do soin reality.

S ! 'mt'c(’ib i

or .1b1]1[y bu\\c n pred ld()]cucn[ dnd adoleseent bo)s and gxrls [59]
However; .uu)rdm;, to Maccoby and J: lem S .malvsu |6, the aver: dge

score of a group of males is slightly higher than that of a groun of

fem: ales oo teses mc.lsurlng sp.mdl visualization. Within science
clisses, laboratory and demnonstrarion activities that provide spatial
expericnces miglit edliince the spatial abilities of adolescent females.
As Treaguse points out | 11}, 7A student with poor by de Ll()PLd Spr izl
abilicies should not be taught primarily by verbal me.ns. "l addidion,
laboritory groups mast be carcfully scructured so that girls actuatly
work with scieiice apparieds: Teachers cm pair boys with boys, and
girls wich girls, during scietice exper immicnts and recrute females to do
scieneé demonstrations. Girls must be .utncl) LlTL()[H.IQ(d to do
science pm]cus ]mn sciciice eliibs, diid tike scieiice ticld trips. In
addition, girls must be urged to enrollin mechanical drdsvii, indiis-
triiil Lk{LlLl[l()n and other courses that have activites designed to
ducl()p spatial .1bllmcs Fii 1]]) scienee eachers as well as counscelors
must insist that girls enroll in miathematics and physical science
courses.

Scienee exper 1cmcs for girls can be suppluncnud b) increasing tlu
number of experiences available in general. On the average, only 17
minutes per diy is speiit on scienee in the lower element 1rj, school,
whilé in upper clenientiry school, thiue time increases to only 28
minutes per day. [ 13] Lack of \Llfflucnt vpportuiiity for science is a

widespread problem. In the United States, only one sixth of all sehool
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districes 1 require more than one year of science for gr wduation. |9| To
insure .ulcqu.uc science education for all; schools niuse increase e
time alloteed w science: saites muse inerease the graduiacdon require-
mients in scicnee, and u)llcgc and uniiversities must raise the entrance
rcqunrcmcnrs in science.

~“Thust guard againse unconscious bus in rhelr presencation of science
courses and careers and in their sclxcdullng., ot scierice cldsscs [()r
pmmplg ph)slcs couises sl)(guld not be schcjdulcd in conflict with
honors English or advanced French, The written and verbal usé of
nonsexist language in the clssroom as well as in che exe and other
instructional materials is cricical: Furthermore: che concribucions of
woImen mast be porer: yed seriously in n: irrdtive as w cll as lllusrr‘mvc
nmrgxml. rhg token lrnclusl(r)rn of women plu);g);_,ruplden lab coats is
sed. Rescarch indi-

tnadequidte:; their redl coneributions must be discus
cates that the sex-role stereotyping of science as a masculine endeavor
is one of the musr powerful deterrents o adolescent glrls enmllmg_,
and cxccllmg in science-courses. [ 12,2 If rhc rept ated riessige froi
teiicher dnd text is rlnr scientises dre nnlc rhcn udolcaccnr glrls
may pcrt()rm po()rl\

Since onl) 24 pcrccnt of secondary science teachers are women,
g,lrls have few role mmlcls in science. Both the Nm()nal Sucncc
[()und ition | IOI .md rhc Amcrlc an Association of Physics Tc.lchcrs
[ 1] have developed filinis daid slide/tape presentations on women in
science. These sh :ld be included in the science curriculum. In addi-

tion, universities ~ - has Stanford University and Massachusees Insti-
tute of Technolog  ave succcsstull} used umlcr;_,r‘ldunc worien in
seience and engince g to recruie hlg.,h bLh()’)l irls inieo these hclds

Perhaps the mos: ffective role models for girls dre womcen or glrls
just a few stages ahe ! of those in a certain group. Girls might form
science clubs atboth  « elementary and junior high levels to encour-
.1;:0 those in the low: rvrulcs Social perceptions of acee pr ince and

“belonging' u)uld bt stered, and rhc negiitive atcicudes dcvcl()pcd

bcrwccn ages 9 ;md I- aight be .unclmr‘lrcd Diiring the carly high
school years, girls shoto ! have the ()pp()rrumr) to spml\ with both
collegiate undcrgrldutrc and graduarte women in science as well
pr()fC'sSl()n il femule scientists and engineers:

We can il afford to dllow L,lrls to receive second-rate education in
scienice. The m: jority of our students cnr()ll in fc\\cr science courses

perform fewer science activities, achieve at lower levels in science
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clusses, understand science less well; and hove negative attitudes dbotit
the role of Science in their lives and in scciety. We Americans cannot
develop a large pool of skilled technician: scientists; and engineers
unless we overcome the discrepancies in scienee cducition for girls.

| Thic strategies suggested o meet the recommended action can veeur
i every scieiice classroom, Perhaps conscious cfforts will be needed in
the beginning, but as students, teachers; counselors; and administra-
tors practice them, these strategies will become routine. The public’s
recognition of inequities in scicnce classrooms and the implementa-
tion of remedial instructional and curricular strategics dre critical firse
steps in developing an adequate pool of scientists and techniciins.
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Businesses and industries are the primary beneticiaries of the skills
and abilities of our science graduates whlle the populanon at large is

the primary beneficiary of the goods and services from businesses and
mdusmes This close mterrelanonshxp strongly suggests that the
science curriculum should meet the fieeds of persons who datly must
confront issues and problems in a highly scientific and tethﬁdldgitdl
socxety Now 1s the time for us science educators to begin a dialogue
with persons in businesses and industries.

 An examination of the literature quickly makes it apparent that
businesses and industries want to be partners wlqh educauppfand
without strings attached. Weaver, a manager with General Motors
Corporation; stated: . . . [E]ducation can legitimately expect industry

to help insure rhe hlgh quuhty of its mission with financial aid where
it is available, with professional expertise where it is helpful, with
cooperative jOb opportunities, interiiships, and cher work expetience

" [5] Dayton | 2], chairman of the Dayton-Hudson Corporation,
Honicky [4];, a director at American Telephone and Telegraph; and

Cooke [1] vice-chatrman of the Economic Development Council have

echoed Weaver's statement in their calls for business-induostry-educa-
tion cooperation.

The types of business-industrial- hxgh school scierice education co-
oper.mon can be g,rouped into five bruad categories: personnel; equip-
ment and materials; facilities; employment' and finances. [3] This

dxscussnon wnll focus on one area that can mnke the most 1mmedmte

nesses and mdusmes
Employment ot teachers m busmess or mdustry can be benef:cxal to

an industrial process and the nature of an industrml or busmess career:
Ldboratory and classrocm lessons are given'a dimension that cannot
be obtained from a textbuol\ of collei,e preparation. Learnmg becomes
meaningful when abstract concepts are applied to real processes.
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Moreover, the carcer dimension becoiies miich miore meianingful and
realistic when one walks in the shoes of a person who his chosen the
selected field s a career: Employers also benefir. Carctully selected
and appropri uclv placed teachiers can make a contribution to a profit-
muaking organization.

\Vould [hns be a s[cp oW ml [hc solumm of our cr' in scicncc

cation or u,opcritmn bc vl pclsons in bLlslﬂLS\ and mdustrv and

thise in science education. Neither group knows the nature or re-
qulerLn[s of tlu other group. Yet cich group is highly dependent”

produu }or )c.lrs. suucxsful v mon.xl cduc.mon

for both x_,roups V:"..ltmml cduc itors have bccn .1blc to dcsl;,n pro-
Jopment of contemiporary work skitls and

grams that focus on the deve
habits. They also have enjoyed the support of the business diid inds-
trial community s well as the u)mmumt) au l.lr;,c ()n the othc r hand,
business and industry hive benefited greatly by preparing @ pool of
] y
graduares o enter the work force. We in science education, however,
have not fared so well; our r wduates are unable 1o dp ply concepts and
Iw

sl\llls lc.lrncd in [hc xcxcncc lssr()()lﬂ to t‘)cxr d.m) lrvc

Brmsh modc \\ould be a sl;_,ﬁlfi(lnt step [()\\'.ll’d s()]vm;ﬁ the US.

crisis in science educdtion.
Sclutmg .1 fc\\ outst.mdmg science e 1Ll1crs in c\cr) u)n‘m‘iumtv to

tént and dctivities in tlu science currmulum

o the revised curricilum would reflect identifiable applications of
science in local businesses and industries

Q‘L,rld[l.l[(‘s of such a revised curriculum Wuiild bc in i position to
rekite science to the philosophy that says “through sucncc to better

435
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@ students woild betrer understiand huw geience is used in rheir
'mi'rld

of buslnc.' es and mdustnc dre w 1lhn;, to cooperiare wich cducamrs in
scckmi_‘ solutmns to pmblcms f: ucd in cduc.mon As h.ls bccn demon-

means to reach those goals rcsults in a bI'()'.ld buse ()f community
SG pp()t‘t for thc p.u rixﬁ @éiéiiéc bdiit-itidh hﬁi;- not Ehjiiy&d this typé
our ;_,r.ldu ites, do niot kn()w wh it we ire .1t[cn1ptmé_, to accomplish:
The projected cost of this kind of sulutmn o OUF CPISIS 10 science
education is another attractive feature of the proposed program in
these times of declining financial resources because there would Be no
COST tU TixXpuyers. The reachers selected pxrtlcrpa[c in this program
woild be piid by thice participiting businesses und industries: Wich
additional emplovment, the gross yearly income of participating t;«;ijch-
ers would rise. The increased income, coupled with the responsibility
Jnd recognm()n assucmted thh currnculum developmcnt should help
With currmul‘l dttuinied o thc tses of science, a broad base ()t com-
hmm[\' undcrst'mdmg_, :md supp()rt .md science tc.ld]crs rcccnvmz_,

science as a \’1.1b’l'¢ R in cndc.lvor Thq will see science as @ means
to understand the world about them and @ means w enhance the

quality of life for everyone.
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Greenville, North €arolina
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Office of the Governor
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As federal resources have been sharply curtagled in recent years, the
responsxbxlxty for developmg initiatives ir. science educanon has been

taken to avoid a short lived, crisis respoﬁéé There is a growing per-

cepnon that solutions to many of the problems in science and mathe-
matics education and the resources for 1mplementmg these solutxons

mobxhze local concern, devel()p significant understanding of the issues;,
and identify local solutions and resources to address the particular
needs of science educ.mon programs.

Based on somie initial experiments in North Caroling; our proposal
for development of locally based science ediication improvement proj-
ects involves the cooperative efforts of local schools, area colleges and
universities; local. government; businesses and mdusrry, and other
comimuriity groups. '

The objectives of locally based programs for improvement would be
4. to work with existing community resources, including polmcal
business, scxentxfnc and civic org’zmzatlons in the continued assess-
ment and improvement of science and mathematics education pro-

grams in local schools

b to 1mplement specxfxc programs to lmprove teachmg in these

nculum and learning experxences to local resources and rieeds, arid
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provide adequate instroctional and laboratory resources for exccllent
science Jnd nnthem.mcs educ.ltmn
hccrs on the oné hdnd and tcachcrs Jnd 5tudent5 on the ()thc

~d. to stimulate teachers; prmcxpals, supermtendents school b().lrus

ledrnmg experiences for studenits in grades K-12

A locdlly based improvement project would involve both public and
private sector efforts to improve the quality of science and mathemat-
ics education. For each school system; a local resource team would be
assembled; consisting of school administritors, local business execii:
tives, teachers, scientists and engineers, physicians. piarents, and col-
lege or un’ivc'rsity p'c'rémme‘ Th"eé'e teams would

. assess
pmg_,mms
2. define specific problems that could be addresscd

3. dc\clup strategies to solve these problems
4. identify the human und mareriul resources that they could mobi-

* lize to sulve these problerris

These resource teams should function on an ongoing basis.

“Local improvernent proiects in sciedce in no way foreclose tlie
involvement of state and federal government in curriculum deveiop-
ment and progr‘.m improvement. In fact; an essential by-product of
the local efforts is the kind of broad-based consensus and political

support necessary to sustain the states’ and federal agencies’ legiti-
mate efforts: Through the National Institute of Education, the U.S,

- Department of Education, or the National Science Foundition, for

example, the federal governinent mn;:,ht resiifie competitive fundm;.,
of l()L.ll mm.m\cs in sucncc cduc.mon It could cst.lbhsh pr()cedurcs

tiveness, and disseminate mfnrm.xtmn about effective programs by
spnnsormg on- ute ﬂsxmtmm .Ind msntutes Smtcs ml&,ht u)nmbutc

tion for ~§t.ltc pohqmdkm@, in science .md, miathematics cduc‘mo_n.

There is evidence that local business and community leaders—are
ready to form the partnerships necessary to take on some of the
problems associated with improving science and mathematics ediica-
tion. They recognize the need for employceﬁ who not only h.lvc better
t;ghmc.ll skills in scieiice .mrd mdthematics, but who also have the
ability to adapt and leitrn ¢ n the jub. They are also reawakening to the
fact that investment in human potential; in the form of support for
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struction at .1ll lcx cls of cdm 1o is lml\cd to the benefits of ceonoinic
and technologic: il growth: | 3]

The issucs associated with thie iced to inprove science afid mathe-
mitics education are . bcmmm;, well dcflncd [ 1] lnm il responses to
these issues are already underway. | 2| What is needed now is i miech-
anism to ¢he mncl thiis interest o spccnflc productive improvement
pr(u_,r ams and a long-term, sustiined commitment; rather than a

shore-lived crisis response. We propuse the dcvclupmcm of l()c.llly
bised improvement projects as a means for developing both imme-
diate strategies for improvement and the broad u)m}nunm conseiisus
lcqmrul for a sustained commitment to excellence in science edu-

<

catton.,
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There is an advertising message on television almost daily that
urges people to “reach out.” Science educators need to take that mes-
sage to heart. In recent years; we seem to have failed to do so. We
haven't reached out to parents and other members of the community,
and they seem not to realize how serious the current problems of
science eduuu()n are. We hiven't ['Cd(ht‘d out suffluently to the non-
science student, and an important resile of that Failuré is that o little
science is understood by people who will need it later in their lives:
And we haven't succeeded in reacl*mg out to legistators at local, state,
and national levels to inform them about the importanice of basic
scienice education. lmdequdte Support for science eduication can often
be traced to this lack of communication.

Reaching out to our various constituencies could be the most im-
portant thing scignce educators need to do if things are ever going tu
get better. For withouta strong base of support, schocl science pro-
tinue to erode in the years ahead. Each of

grams at ill levels co”ld
us can, however, make a différence if we dct now.
The prccess involves working with people—p-=ople of all types and

ages: It begms with the recognition that most people really o like
science: They might not hLe whnt somie science courses hﬂve be(ome

re,;lly d() like b_Clan(.‘. The evidenice is there, rlght in front of us; if we
will only recognize it

Item: Sales of “"popular” science magazines are at an all-time high;
as is the number of such journals now available: In two years, for
examplé, the circulation of Discover mugizine has grown to 835,000,
its_publishers cldim-thdt it i§ “still growing rapidly.”

centers: has never,; been hlgher
Item: Television programs such as NOVA, Cu;mor, the National

Geographic Specmls and The Undersea World o f]ucqucr Constean all
continue to receive high viewer ratings.
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Certainly, the evidence from these informal sources of learning is
cleéar: Americans are interested in science: We must capitalize on that
interest, because¢ it can help us to get school-based science moving
ugdin. S
 Where do we begin? One starting point might be o tuke 1 close
look at whit muakes science special to those who read science maga-
zines, attend science museunis, and watch scientific television pro-
grams. When we do, elements such as the following stand out:

e The wpics dealt with are ones to which people can easily relate;
even if some of the topics seem esoteric at first, chey ultimately have '
meaning for the individual:

e Scicnce, technology, and other areas of knowledge are shown to
be interrelated; in popularized science few, if any, ardificial boundaries
Cxist < . ) 7
& Cunitent is handled in inceresting; fun-oriented ways: even seem-
ingly difficule content is made understandable. o

e Strong eiiphasis is placed on communicating cffectively with the
viewer, reader/ léarner; coiicepts are explained chrough clear illustra-
tions or engaging expericnces. o , .

e Controversial issues are not avoided, perhaps because they seem
) inhereiitly interesung to people: . . ,
e The unanswered questions of science serve as central poings of
inquiry; scicnee is not presented ds d set of conclusions but as a
continving process of discovery. o 7
o; The hupmin aspects of science and scientitic resedrch are highlight-
d hoiiestly; the trend is away from Hollywood's stereoty pical scien-
tist (4 whitecuited, pipe-smoking male who always thinks radonally) "

and toward a realistic representation. Scientists come from all groups.
it society: S , |
e A person doesn't have to Be a “genius” in order to enjoy, appre-
cidte, and learn about science: The Exploratorium Scienwe center in
San Francisco, for eximiple, seems o have something for just about
everybody. This does not nicansthat the content is watered down—
typically; the content sereeches the capabilities of the learner.

W hat can science educators learn from all this? How can we build a
wider and stronger constituency for science? The answers can be
summed up in the phrase which the telephone people have so success-.
fully employed: “Reich iit, and touch someone!” Each of us must take
chat phrase to heart by actively reachirig out; a strong base of com-
munity support for science will not simply build itself:

" This base is composed of several, equally important constituencies:
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Parcnt wmz rhe Community, inctuding bodrds of uluuuon buisi-

ness .md industry, nd thie nedia: Think about the power that parents

can wield! Wit if a Lirge nnmber of purents in a community began to

pru.s for more and beier scietice? Whit it key business; mdusrr&

x,mups In an area bc;_,m o lnbb) intensively on behalf of science?
Whiit could their support mean to the science program?

Studenrs: Afrer all; chey ure our clients, However, bcyond required
Ccourses, tllc \nll enroll in science only if reachers work to ateract
them. The quxlm of school science dererniines in l.m,L part how
\[IUHLI\ students witl support it Runcmbu ti50, that today s studenes
dre tomorrow's parcnits, business leaders, aid lu,lsl.ltms

[L”]\/l[’l’\ Legislation %‘[i'iin';,]\' supportive of science education

duu ot uum ut s ow 11 .uu)ld ( u( unlx we .111 an\' [h.l[ we nccd

it

Nonvcience (/://L.( e, l)ntlx teachers and adinistrators, They are
a constituency much l.m,gr theii Wi dre—uand their sorong x(.ppm[ for
stience \\(mld hLlp Ln(:rm()usl lu 3,.1|n it We wi H nch o sho\\ thcm

enhidrices the ol cdm.mon of students.

Ol/i'c'r S’«'iuna' Teavhers: There can be ao loubt that we nced one
another's full support during these chullenging tmes. That support
cun take m;mv different forms.

".

Clearly, scienee nccds rlu stipport of t. ach of these gr\)ups Here are
some ideas that can help us o eidrn the backing of each of these
constitaencies:

<

W nrkuzq with Parents and Com mmm; (nr).flps

A ;_,ood dc 1l of our rcspunwbilm here lies in prm ldm;_, hclpful .md
science is .md w xll bc for [hL‘lI‘ children: They should be reéminded of
‘the urgent “meed in science courses for lub aeivity and field trips.
Irterestingly; when adules dare asked w hiit thcv remember best from
their school seience; their most frequent recollections are of lab aetivi-
ties .md flL‘ld rrlpx
SCIENCe Lllssmoms \Y’lnlc somie of rhl; nformmon sh.mn(g cin be
accomplished through eraditionil ~Parents’ Nl;,ht programs; other

[
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nicchianisnig dlso need o be explored. One schoo! invited fochers w
QpCiid ;i h’ilF d;i%’ ih é'cliliiil ii"i[li tll(‘ii’ i(iii iii’ Ll;iiiglitCi' Th’ix‘ ;1p'p'i'ii'i'cli
side therr glnldr';n. Thc xc.sul[.s of [l\lh Progriam were very po.sm\ ¢ tor
both the school and che parents:

A Wi n'm\'-'c int’rc&ﬁngly inm RENATONY typc uf tcrlnmlugiml :iu'c.

for s‘[mng s‘gh()()l scrence prour'lms‘ We need to l'C'.lLl] out to [huc
groups by providing informicdon; and making our needs known. They
can help by lobb\mg on behalt of more and beteer science; by pr()\'ld
tig financidl or miiterial support. b){ making hunan resources avail-
able, ind by sipplying informition about cireers.

I’\L.Zl /71)1 Out tor Studenty
\\ ¢ mul [0 ASSCSS very G HLtull\ \\h it we doin th 1¢ maine of scicice

ii) ()ur cl l\\‘ru()nh‘ \\’c nccd to p()pul'lrl/c scrence \\'1[11()ut dxluum_. 1.

enterprise to \\..uh millions of scientises md science teachers d(\utc
theirprotession. il careers. Our clissrooms have to rec. oture thit j juy
.md cuthusiasm.
be hcurr in science cl ISSTOOIMS. H()\\L\u [h()s( popul.u science m. lL| 1-
zities, television shows, and muoseuimns do SUPECSL severs al avenues
worth plirsuing. ’

W¢ need to relite science more dmd\ to thic things iimportint to
\tm!c n[\ \huuld.m i lm)l()u u)urscs h)gus morc or hum in hum_.s md

md lmm imn m\(hc 1 C\pCl’Hﬂcn-

mhult ince of hum N penetic dctu[.
tation dre diibicreitly interestiilg to vouig peoples thiey should not be
snored in the ¢hissroom. Would not the study of forces and vectors be
more mreresting if 10 were deale with in the context of a real human
problem such as the use nonuse of automobile seat belts? In chemis-
try, why not place moere empliasis on topics relaring to basic environ-
mental concerns?

W need to tredat science ds i series of st -yet-un; inswered’ gtug-s[u)ns

rse. Too often, present Lllrlltllll seem o suggest that

about the unive
everyvihing is already known; and thacall students need o do is mem-

orize body of faces: Students must be ied to realize that what chey
fearn is hclptul i orgianizing iiformation, bue thie il kmj\'\"l'cdi s
rentative-—being continually subjected to testing 1nd revision. \’thn
scientists memorize information, they do so i order to test other.
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stil] uii 1ii§\k‘&h' quc;ti;m; ML‘iﬁiiriz;itiiiil i§ Jd i"cliii;l'c ";i[h"ci‘ (h"m an

which cin hclp smdcnts .lttcr thc\ feave sdmul Better uhscr\ ers n. 1l\c
better citizens, bL([Cr phiysiciins, bcttc gutoiobile mechanics; and

cience skills also hel p s[udc nes o beciiie bcttcr deci-

better parents.
sion mukers; and society never exhausts its need for people skilled in
m.ll\lm_, decisions:

W iteed o rouch our students at the haman level. The rescarch
lierature Foaves litele duuht [h it thiy is vit il Studenes do better when
they know that you care. Which teachers d() vou xcmgmhu bese, and

how did they intluence you with regard to their subjecis?

Reaching Ont to Legivlators

IL\'l\l HEOTS IIUST write and vote on a variety of IL'L;i'\l.ltl\L ISSUCS.
Sometimes rhcu undgrst iiding of the concerns of sctence and science
ceduzation can be mmmpluc The story. pmb iy dpocry ph il thacone
stite lggl\l.lturc p wssed a bill to change the \.1luc ot pito S 00 11 uider
to s]mplltv u)mput ations dlustrates the pum[ Légistators need a bet-
ter diiderstinding of thc prublgms and issues of  ctence and science
cducdtion. The effores of science cducicurs to 11 o those in iiiililu
office about \LanLL-——tllluuL,h cor respoitdeiice or [Llcp]h)nc CONACt—
are important. In some cases, these efforts to inform can be crucial.
Reachiing Out to Oni Noiicience Colleagnes

It is essemtial dhae scence teachers Lun the support ot \leul

adniiitiser.itors Jdt dll levels, as well as rhac of (,:hu school pumnnd
not dlrLL[l\ m\()l\cd \\l[h \LILHLL Ra.uhin’g out’” .(dmmlsu ators
science i rhc [()[ll Llll‘rlLlIlUIﬂ .1buut the needs of guml sticiice
croaran, md thour what science courses can and cannot ‘lLL()lnplhll
»\dmxmsn Ators W h()m we dcmnnstrttc [hL‘ '.Iluc of nc\\' tc-u‘lnng/‘
ive. The rese. 1th is very LIC i Lffcul\c prmup.lls hclp [czlchcrs and
pmzrlms nmpm\c \‘(/c L‘ln hclp prmup 1ls to bcu)mc more Ltfculvc

science LdUL.l[I()n
Among the other school pcrs(mncl not derLtl\ involved with sci-

eNCe; pcrh IPS NONC IS More unport ant thin thic ;_,uld ifice cournisclor. By
virtue of their unique position, counselors strongly infliicice stiderits.,
We need o work with guidance personnel to keep them better
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informed about science, science instruction; and science career oppor-
tunicies: This is a potent constituency which we have to enlist on our
side.

(X (mpc ration w nh tuchcrs ()t ()[llcr sllb](t[s is .1ls(> essentl, Thc

a5 well All thls is in the Best interese of our smdcntx

Reaching Out to Other Science Teachers
Ic always has béen important for science [cdchcrs to rc.lch out to
imc :{nothc r; and ()r&‘mlmtu)ns such as NSTA pl 1} a plvoml rolc in

|mpurmnt f()r us to maintain scrong ties: Each of us lms worthwhile
ideas for making what we teach more mcamnéful but far too many of
thosc 1dcus ure losr beuusc we fdll to slmrc them Wl[h u)llcag,uc

mualady c’chd tmchcn burnout.” ()nc umdltmn tmurm;ﬂ that nml.ld)
is the isolation thae cach of us senses at tmes. We have too tew
spportiinitics to efigige i conversution witlt colleagues w ho share
our drums our umccrm.,.md our anxietics. ()m Wiy to lu.ld off @

wnh ()thcr science teachers—from nrhcr districes Jnd sch()ols ds well
4s within our own school Reach out and establish chose contaces!

THU SuLLL@tiim; iiﬂ"c'r'cd liL-rC ;irL- ({Lii[(‘ iimpl'c H()\\c\c w hlt
NI mmuhm;z as m[md ine as that hclp* ) Hn)\\ ever, thcsc very sl
thing . < taken together: can nuke a big difterence. We cannot
chinge o of education by ourselves, but ciun :opc with the things
within our reach. By influencing some little picce of the world, we can

mdeed make some worthwhile thmgs hdppcn The problems of the
1980s are complex ones for_ which no simple solutions exist. Our
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help: So let’s not wait: Let's accept one or more oi these challenges,
and help get science on the move once again!
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B. PROGRAM CONCERNS

De We Include the Essential As pects of Se fnce

In Our Definition of School Sci

'\’

Fletcher W:ii;ééﬁ
Harvard Unive ty B
Cambndge, M ssachusetts

Fl]c (L.lLl]C in the classroom is che e lg,c of science bctmc thic

pupllx Science tc.mhcrx dre emissaries who carry the mess
who write curricula, tex tbuul\x, 4iid thie sther materials of istruction
are retnote and can at best rely upon a lllﬂl[(d personi al C\pcncncc
witi, certain schiools and cerzain groups of students. They attenipt to
visudlize ptipils and places; but they have limitations to their per-
\PLL[‘\C

Thercfore, it is of utmost imporanee o consider the te Achicr's
image of science. Does the teacher see scicnce ds a0 unending scarch
to creite stability o our images of the world; ()f rcl.xtumx among the
H]\rl.ld‘ apparcntly diserete things and happenings in the \\()rld uf
experience: of W se H‘Lh for the "hidden lll\CﬂC\\C " couched in novel
and abstract terms? Or d()cx the tedacher view science as a body of
knowledge: essenaully complete, \\hmh is hcx or his Icsp(mxlblllt\' to
puss along to pupils as plrt of their ulltm.ll heritage? Ilnx will ;,mct n
the tedchier’s upproach in the classroom as “convergent,” d Ll«)scd book
filled with “right answers Loor ’h\C‘rgcnt 4wy of asking .lnd dan-
swering questions for the time being.

Sis Munby and Russcll l].I\L 1cccmlv .nkcd will the teacher encour-
ree i view of science [h 1t is rationdl, mordl, and .mchcntlc E ‘wpccm-
.1H\ will the teacher C‘ﬂ]pl]l\l[( thit scicence Fas its hinlitdtions, not
only ot observations and abstract imagery but also of domain, aitd hiit
seience is only oie Wiy of reaching racional views. such ds those n

H NMiinby aiid T Russell, A Common Curricidum for thie Natiral Seiences,” in
Nuroonal Soctety jor the Study of Vdacaris Yearbook (C hlg.l;,() I'he University of
Chicipo Press; Tus3p by

3
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d()cx not lndude nrany xmport ant 1spccu of life such as bcluty lmpc
and love. The criterii we use for evaluading our perceptions have

differe ntrr-.mg)n-.llg.s, dcpcndln}, ipon thic context. Science is only one
of %C' - ‘.i] 'ri'[ii}h'ili[i'c" '.ihd ii ;ippiit;iblc iihl&' ih L'L'rt'iiii L‘iihttk[é‘

\hlp bcr\\ccn science dand wuct) thruugh tcchnolo;,y is an es,cntmi
uolx;,atmn of thc science [(?dLhCI' perlmps slmred wnh the soual stud-

miene in Li!.\Lll.\.\l()n.\ [h:lt have no clear answers uf rlp,h[ and
Cwrongs

Munby arid Riissell mike d ehird poing, on thic .mthcnuuq of much
that passes as scicence in the classroom. When it .1ppcdrx occasionally,
ss story with licde

thie history of science 1s presented brlctl\ {4 sucee
umxndcr ition of altermitive u)m(ptu alizadions or false leads: Hsually
thiese .ire unknown to the waclier.

Ihc view oi scienge mn [h(. cl IssTOLM 18 Cre. 1tcd b} [h(.‘ tcuhu .md

size a rurrow view for future scientises. Later; one dc\clops a4 bmudcx
view of science as a4 way of knowing and an understanding of the
rehitions between science and society. Those who @ibs"c'rvc such a grad-
aal development have a responsibility to provide opportunities for
considération of theé larger role of scignce in the education of all
people tmost of whom will not become scientsts),
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Do We Expect School'Science to Nurture Creativity?

v

Stent; writing in Scientific American, finds a commonality in the
traits of artists and scientists. [9] He emphasizes that scientific state-
ments “pertain mainly to relations between .. . . public events,” where-
as drtists’ statefents ~pertain mainly to relations betwcen private
events of affective significance.” He posits that the transmission of
information and the perception of meaning in that information con-
stitute the central content of both the arts and the sciences. A ceeative
dct on the part of either an artist or a scientist would mean his or her
formulation of a new meaningful statement about the world; an addi-

tion to the acctimulated capital of what is sometimes called our cultur-

al heritage. , o 7

In seeking hidden likenesses in the work of scientist and artist,
Stent defines creativity in a way that requires emphasis: The creative
act adds new and meaningfal works to the culture. For the practices of
schooling; the term “creativity” is ambiguous and is used variously to
describe (a) behaviors that are beyond the normm for a particular grade;
(b) acts of inquiry that are "new” to the activity expected of the young,
or (¢) acts of discovery (the results of different acts of inquiry) which
delight «nd siitprise teachers and parents: In this discussion; the crea-
tive act will refer to works that add new and meaningful statements to
the culture, or works directed dt securing fiew judgments or new
presentations of generalizable knowledge. Indeed, Bell defines knowl-
cdge as consisting of “new judgments (scholarship and research) or
new presentations of older judgments (teaching and textbooks).” [ 1 l
Giftedniess as an attribute will refer to those judged to be capable of
such creative acts. ) ) 7

Early in my work, [ became interested in particular traits of scien-
tists which seemed to characterize the scientific mode and manner as
distinguished from that of other workers; say artists; businessmen,
and others. Shortly after high school graduation; I secured employ-
ment in the Littauer Pnelmonia Research Laboratory: Through the
kindness of the directors of this and, latet, uther laboratories, I was
able to pursue my undergraduate and graduate work in the sciences
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while 1 did research in these laboratories. F
with irtists, I wis 1mprcsscd with what thcn seemed to me; as an
adolescent, t bic specific differences in the pers()n.lllrtyrtrrr.rut.s of scien-
tists and artises and cheir approdches to their work, When [ begin
te: l(.hlné., 1 u)ntmucd m) studies, fiitiikihg iih the eraies iif jLihiiik ;ihd

dnrectcd Jttcntl()n to rhc kmds of prog,r.lms (thart is; environments)
h it mli.,ht cffect .md mflucnce such career (.h()lLLS I wonderul W/cw

_m/f/ucnt to the Jezc/()pmenl uf )()mzqucr( ‘wp*zm//;' rk///cd i

tguIry and thuas those who might become scientists?

A bxblmé,r iphy of c.xrlv papers rel: mng, to this qucmon ts found ina
collection of papers by Brandwein, Metzner, Morholt, Roe; and Rosen:
1] Mcezner rcp()l'ts [-1] that Cooley [3], using my data, u)mluded
that the : is no simple entity that nmay be called seiviree alnl" .
However; (m)lq [5] indicated (as Merzner substantiates) chat the
most redsoiable appra ach appears to be “relf-identification with free
How i or onr af Gy given program for the ralented; mdnidual
guidance then plays an importan 3(;/9» whencrer rc/t{/)/c mfmnmlm;z
becomes arailable™ Gtalics mine). This substantiates Brandwein's ear-
lier hypothesis [9| reaffirmed in a continuing scudy [3], that “self-
ideitification catilyzed by 1 demanding instructional program permit-
ting original experimeit: il work inthe sehool laborarory™ might play
1 role in the dc\clnpmcnt of young scientists-to-be. Metzner, how-

cver; is clear in his conclusions that "o ng/q.c /7;;1{/1{0 bai /quz
detised that wil I/Z’L’)HI_/) studonts who are eifted D biology, or other
fciencer, with complere accnracy or 7e11d/11fzt) [-i] (author’s 1ralics).
Perhaps thc dls(.LlsSl()n zu. fuliow amends this conclusion somewhat;
'I hc \\urRs of (xctzclls .md J uksnn [6] .md ()f 'I()rt dance | 10| lﬂdl(. ate
naor; as-Roe l‘s] also umcludcs ensure credtive /u/mz ior. w hl(h seems
to involve factors other than those studied thr()ué.,h test. of general
intelligence. In fuce, for purposces of idenntyma sciennsts-ro-be thc

termi creative bolarior cin be repliced by “ability in effective i mqlur\

(On this, se¢ also Roc. {8]) The observations of Brand\'\"'cin' 3]
confirm muny hndmx_,s that three persondlity factors need to be umsnd-
ered in assessing the schooling and education thar nurrures scientists-
ti-be. These three fuctors are deseribed as “questing™ (or a skeprical
view of .mccptui positions whuh dlso embodics what i1s generally
called curiosity); “persistence” (or a dq_,rec of mdcpendemc which

sustains effore); as well as a 'Acy factor” (or the environment of
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ps)dmloglml s‘lfcty Jnd irccd()m n&cssar) for Cxpcrlcncc in c\pwl-
\\()rk which mlls forii qucstmg tand perslbtcnce' within an cnvi-
ronniernt of 'p h()l()‘glcdl safety and freedom’ can indeed be useful in
pmbmb the Rmd of knowledge "one is ot supp()bcd to know.” | 7|

A spectrum of traits characteristic of "developing scientists™ is de-
scribed by Brandwein; Mctzncr, and Roe. [2,:48] Based on observa-
tions of 104 schools with pr()grlms for the g_,lftcd four assumptions
were made in the 1962 study by Brandwein ez af. | ]:

. We imay assume thit in those schools where the freedom to
lnvcstxg,dtc 15 hH_,hly dmmcten tic of thc gurrlculum and tcnhmg
there exists a greater opportunity for students to leirn thC mcthous
'md Jdvdntdgc of the investigator's Iife. (For "inveéstigate,” rgdd

mqmr) ")

\Ve mJy assume - th 1t opm)rtumtlcs for CJ[‘])' ldcntlhutmn ()f
schools nmkc ()pportumtlu fur investigation carly in the s¢ h()()l career;
that is; in the (.lcmcntdr) schools.

3. We may assume that where there is a broad dpproach o the
carricalum; the more favorable will be the environment for investi-
gilti()’n’. '

5:1mulatc> dcvclopmcnt of 'ndcpcndcnt 5(]1()1Jr§hxp, the stimulations
of individual invesdgation will be gredter. .
Ia it continuing effort to secure i tenable hypothesis chae might
shed lxght on the self-selection of scientists-to-be, we note this point:
Of a group of 62-i students who plmupdtcd in the Science progriim it
Forese Hills, New York |2]; 62 were selected for further observation
as rhe « xperlment'll group (rating above 4 on an mventory of traits
coe oaring them to wurkm;_, Scientists); and 62 served uas controls;
rati - below 3 on the inventory. The 62 expenmenmls ard the 62

\onu Vs were mdtched ln lQ Jnd 1,ch Jl b(h()ldstlc JVCI‘JEC

lum Jary study of th()Se who lﬂve been f()llowed it Appears that 2
L thc cxpermxenml group of 64 have u)mmutcd themselves to scien-
uic research; and 13 have u)mmlttcd to ter .nolognml fields in the
rf 1 of s¢i~nce. Twzlve committed themselves to teaching science in
the hl;_,h SLhOu;S Among the 62 'umtrols (tentatively splccred as
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s"ci'chtifi'c r'c~i'ci'r'ch’ are in’ ittlii‘;(ili)git‘ll t'i'cl'ds: (> are in rc;whing

the I eagineers are pcoplc who in their schm)hng were pcrsmcnr
aad dlimiost indetatigible 1 parviniing L\[)(‘rIINLN[J/ work probing
wnsolved problems. They used an inquiry dapproach on tlic highist
levels.
g a pmblcm for which a soiation was 2oz in the literature: Tlns wus
so dttested b worl\mg, sclentists. l*‘urthcr ii interviews , the 28 work-
ing scienises were stll able to recall their early ple;lburc in purs‘umg
experimen al work. (This; of course; calls upon abilities and craits of
pcnwrmllr\ different from those rcqunrcd by the usual l‘xbor‘m)r) exer-
cise.) They also recalled che effecr this had on their decision to pursue
Al s‘@:xcnuhc aireer. ) ) ) )
For instance, an experiment - as compared and contrasted with a
laboratory exercise) nikes much more time, often a year or more. lt
calls on a const.mt inrer pl 1) of inte lllgcncc and mmg,matmn, .u w cll ‘15

say t‘ulurc‘dn(i dlb(()tlrr.lf_,ClT)CVn[. 1[ 1.\,7thus, ai vperation in whld1 the
young experimenter is tested not only for scientitic «dbilities, biit dlsa
tor u)mplcmcnnm, pcr\()n.lll[} trais. In addition; L‘iihdu}'rihg an

experiment calls upon addictonal facilities in the school or home
environment as well as on particalar crairs of the reacher:

Sumniuary

An environinent conducive to thc conduict and complctmn of ir
least one. experiment ds compired and contrasted with the ustiil
laborarory exercises might well be included in curricular strategies and
instructi snal rectics:

Ihc fiterdtire is spurse on w hat seems 1o be d bpcu.{i Jblllt\, a high
lc\cl of skill in scieiitific inguiry. A sufficient nuiiber of the pipers
tend to suppore the postulates recounted here, and done oppose these
dearly, we are obliged to consider the nature of the critical

ideas. Cls
impact ¢ science and technology in the decades to come. It is an
obligation o¢ the schuols to develop an environmene char gives scope
to the voing who woild becoine scientises.
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riculum \md\ A\muu n Instituee of Biological \Lu.nu.s 1962,
Cooley, W W "Arnributes ot Potential Scientists.” Harriard Fidniationad Reticw
RESEENE . \\"lnru l‘)\‘\

Stwdenty. New Y ()rl\ l()lm \V:lv.\ & \(mx lm l‘)()
McUlelland, D.C “Ioueidatey, Fall 1961,
Rie, & The \lllmu of \‘ fentine, New \nrk Dodd Mead & Co,, 19530

S Stent OGS T Premarurity and Uniqueness in Scienotifie Dyiscovery.,” Screntifn
S 1 Y

cAmicrican, December 1972
Toeeinie, PP 7Clirreiit Resc oot Creative Talent” Jowrnid of

Cotne e Poychaology ot
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Hans O. Andersen
Indiana University
Bloomington, Indiana
"Bur, actually; I did not reach freshmen. | caglic artorneys, bankers,

big buslnchmcn physlu.ms surl_,cons 'Ildgf_‘b congressinen, gover-
fors, writers, editors, poets, inventors, great engineers, corpomnon
presidents; railroad presidents; scientists; professors, deans; regents,
and university presidents. For that is what those freshmen are now,
and of course they were the Sume © : - then.” [5]

Thiit thiere dre varieties of chiidren, with greit virieties of interests
and ever ¢ -ater virieties of,yet~m,~be~def,mcd carcer opportunities, is
well-established. And times have changed! Jobs that were once easy to

find and Jpproprmtc for students who had dropped out of school;
without mauth; science; or computer science ‘;l\lilb, are now performed
by Iﬂ.l(hln(;b Thc Lhmce hiis beconte i either-or choice: Lither pro-
vide people with math, science, and coimputer Scienice skllls or Sup-
port people because they will be unemployed and; due to basic skill

deficiencies, unemployable.

Literature supporting the claims that learners vary widely and that
instruction generitly his i dlffercnn.ll effcgt cin be found in Jlmust
every issie of all our professional journals. There are the lcft br.uncd
right-brained, factual, umccptuul incuitive, pcrsxstcn!, reflective, and
impulsive learners. The many varieties of learners are; largely, t.ms;ht
by identical instructional methods: As has often been predicted; chis
results in hlg_,h u)rrcl.m()m (ty mc.llly about +.70) between pre-instriic-
tion aptitude scores V.H‘.d postinstruction 51(1]1(:\(.‘!1’1(.[}(.;(()!”(:5. Vthn
tliij R‘ihd qU;i[ity, and tjix;ihtit5' 'if ih%’thittiiih ”iifi: i';irii:d ;ittiiidihg tii

The th()ught ur pmvidmg an lndl‘ “Auat instructional préxcr.pn()n

_for cach chiid is daunting when the school budget burely provides
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in .i 2 smdcm LibuF: ATty when [l‘iL sub;ccr thc tc.lchcr Is e mhmg is
not his or her area of concertration, and when the only sofoware for
[hC‘ cl nsm()m $ s()lc u»mpurv ris (>k dubmus \.llLlL But we annot lmlc
plmhcd [h it would allow us to pr()\ ‘dde for some; if not all, mdnldu il
differences in most classreoms. For example; consider the curriculum
n. ltunls designed after ‘putmk when we .1ssumul thiae really "good
science — thut s, seicnce as it s pr.luxud in thi Liboratory— would be
inherenty interesting to all studenes. Today, many claim thie post-
\putmk ulrrlullum reforms have failed. We have discov ered it
some tedehers umldn t didiv'e weuch scietnce m a manner consistent
with the curriculum Phll()soph) | t| Further, some P.[l‘cl‘i[s pxctcucd
the rhetoric of conclusion to whicli they were suby cted s youngseers
1iid which bz forgot. We t()und that somie studens prefer menioriz-
g to tlnnkln}ﬂ probably because students are not provided ample
opportunity to practice thinking: In fact; the post-Sputnik curriculum
offorts may actually hidve had umsldcrxblc siiceess: Recent studies
report that “students who plan scientitic .md ciiginieeriig careers are
receiving w adequate educadional foundation™ in spite of the dcdmlng
eniphidsis oii scicnce and mathemarics. [ 3] This finding supports thie
claim that the .1lph ibet curricuba pmla ibly are C\LC“CH[ for students
planning science careers. Henice, the alphabet scienee curricula should
not be dlsL.lrde, althou b they cle arly need to be miodified. We shoald
ask: Have certain curricula and instructional approaches t.lullt.ltcd
significiit scichce achievement? Can we idenaty learners who have—
and léarners who h ive not—been helped by the curriculaz Will other
variables facilitate le drning among otlier kinds of lL arners? Are there
detined pmbluns that learners will face in lite thHiT 4 ROOW ledge of
science will help them solve? Can we /NL/M!L pmblun solvers?

The answer to cich of these questions is Yes! What remuains is thc
task of .1sscmbllm_, the puzzle pieces and matching the student o the
.1ppmpr1 e ovariety of untruumn——thc variety that begins the student
leadirig to science achievement

.ilmm a px[h of Pl.l‘p()st and success
Like others [6]; T have assumed that the science-related pmblcms
thiit po ()plL will fiace i tife are Lnown. 1 have assumed thie schooling
inid ediication should prepare learners who have the desire and
.1b111t) to Conc to grips witli thiese pmblcms Furthermore; | believe

[l‘l it sclm(mng ()rg mucd .m)und studcnt lnurutsr.md thc solution (>t

varieties of. lc;xrncrs, Thar 8 \\hy 1 arguc for uunull.lr variety.
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Some wiit learn science test if they study science as l]lst()r}——"l
history of ideas: of people and their i quiries; and of success thirough

'pcr.slsru.nu..r()thcrs il Teidrn 5Ll(ﬁu.r‘rbf.‘§[ by AsVrrurdymg_, the iventons

made by techr logists using science. Othiers will find futuristic science
appedling. Somd will be aceraceed o thé beauty of the natural world

and wish to explore science from an aesthetic viewpoine. Others will

‘need @ phll()S()PhlLJl approuacli: And somte will gain « io1ice apprecia-

tion by reliting science and muichentics, (1] 7 7
There are varieties of learners as well as varicties of science curric-

ula, Ideally, learners could be matched to curricula by interest. As Tyler

iﬁdidiiéd ["I; iﬁféfé%f is’ Eﬁc [)(iiﬁi f(if dcﬁ;iffiifé (?ci lé'if‘iiéf‘é iﬁiéf-

hc sx;,mtu 1iit science thcy nccd for suucssful lltc ina dcmmmtxc Jnd
techriological society.

References

I Andersen, H O, 7 The Holisue Approach to Saence Education.” The Teacher, Janu-
S 1O
Bloom: B, Humean Charact e aond Sehond L dTNING. New York: MeGraw Hill
Inc, 1076

3. Hutstedler, s, Hd l)n\ i l(lLLI]ht_ ri Sctence lIh/ Iu gincering ' acation for the
TS0 ol Iu;nuJ X’ Miiiiﬁinn 1>¢ s Narional Science Fourr ion and US.
Deparunent of Education, 1980,

voHurd, PO New Directioony pn Teadhiee Secondary S /,m:/ Scionce. (hu. 120 Rmd
- MoNGle L\ Co.. ]‘)(i‘)

S Slichter; CS. Serence o a Tarern, I HI)I and Diverviony on Scicnce b the Making.
Muadison, \\" Universuy of Wisconsin Press, 1958,

. \nmmbnrn TM. “Seiondi iry School [’rcpxr.lrmn fir N lkln), Blulu),i('il Decisions”

SASSP Bulletin 5605000 1-13%; l inuary 197
7 Tvler, RO Bavee Principles o Currsculum .mJ Instractson, Chicago: Tin ersity

ot Chucago Press, 1950



O

ERIC

Aruitoxt provided by Eic:

Does Science Teacher Preparahon Nurture-
Eﬁ“ectlve Scierice Teaching?

nuitrer spcu.‘hs[s we find in most >Lumd.1r) sclmols but also [l at of
[hc clementiry generi ilist: This n.unlm, mdudcs the curriculum nken
by preservice, dnd to some exrent inservice; teachers as-well as the
curriculum they wiil be C\pcctcd to ld]

Science ought to be a favorite subject because it .ncludcs il n.ltumlly
motiv ;mng clcmcm, .1'.1mcl) tmglblc M ltCl‘l 1l> Young chlldrcn pos-
[hu get ()ldf T thq bcmmc less motivated by curiosity. 9() whit
happens to this motivition? Carl S apiin [ 3] commented;” Pcoplc have
been .1ug,ht that they dre too dumb ‘understund science:” Two
1mpur[.mt variables the young child encounters in sdm()l are the
teiicher and the carricolum: These two variables  +d to be exiamined.

Pmspcctl\c teichers tike college scier oo ~and these courses
viry considerably. According to a reeent - o teachers became
turned off to sucncc beciuse the format o scieiice courses kills curios-
ity. College isn't the first pl.lcc whicre st dn LPpOTHEIag courses are
cnu)un[cn d; thc) are prcscnt {n many prv oo tene schools If teachers
tc ich [l]C Wiy [hcv were t;iu;_,h[ thch [hc wity these college courses are

/\ lccturc l.lb tu. L ch.nr.lc[crucs nc.lrlx .1ll L()llcgc science courses.

The leumc prcgcdcs laboratory exercises thiit develop from it and
\crlt} . What is generally considered mlpmtlnt il thiese ¢ rses is
micmarizing fices, plugging nombers into tormulas, and writing up
lictle- undcrsmud Liboritury repofes: Seldonm are students taught by
any method resembling dn inquiry- -based approach; which would re-
q(nre original [lnnl\iiij_; The preservice tedcher majoring i oscience
ustiilly sees the inquiry method for the first time in «d sciciice reiching
mcthiods course—and by dhat time; icis oo late! Collegie s ieiits
tiught this w.iy thieii proceed o teach their secondary school students

just as their professors niught thicm! The spirit of inquiry is missing

1y 60
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because it wias never 10111\ dl\L()\LFLd The same can be -aid for
preservice clementary eachers; except that they have the addidonal
pmblun of kiowing even less content .

“Memorize this, compute that” s the messiage passed on down 1o
pxu.nllu,c smduus l[ is NO \\undu Lh i \[Udcl][s dfe ot Mo l[Ld t

tur d lunL tite.
The Lmru.ulum projects of the 1960s and 1970s made excellent

attempts to change tis. How suu.ustul were they? \lum insky, Kyle,

and ‘\lpurr C] Tooked at rescarch studies reporting oin the citeins of
the activity oo ented: un]mn« )nu‘ ;;lEiiiEiit iy br'ii}_&i“iiﬁ% of iv‘:

tary, School seisnee Ess DN
(SCIST ! ~eic A l’runus Appmnh (\/\PA in the pc‘rtur-
v ace dreas of soJdeno achievemient, J[[l[lld( process skills; refated
cealls, o7 Lovinys and Plagetan wisks, They stite, ()ur quintitative
Svin ot thie rescarch clearly shows chae %‘mdcms‘ in these pro-
arditis Lchievedd more liked science more and improved their skills
ot i did sttidenits {0 triidonal, textbook-based classrooms.”

Ti - seruly an impressive result. Biit nuiny wachers never used these

sionccts even in their bevdas ..md cven fewer dare Using [th] now. [ 1]

i

Aaother study comparing inquiry-oricneed teaching and expository
tc. u_lnm, with the procedures spcll(d out in detail, found thae ninth
graders, [ll!L‘h[ by tlic inquiry mictiiod did betrer than the L\P()Slf()l‘y

gmup i dreas of I.Q. iiins, intellectuil development gains: and

achievement. [ 1] ) 7 7

This is where we need o start, 1 weé aan keep the natdril cliriosity
of our students dlive by gmnu back o these curricula and using them
i the way thiey were intenided o be used: we will be on our way to
imiproving scicntific lltu dey. Suilie stience cducaeors and other con-
Lunul p IHE thmk [hl[ we ain sulvc [hL pmblun ut unprcp.xrcd

necessar ll\ bu‘u ! Cincreases in the numbcr ut 1Lqunul COUTSCS

might aggravite thic wmblcm

()nc stml\ duclupcd on thc lurmm, Lw.lc mmkl of \( l\ in Pll)\l-
lh(ii‘ intellectual dcvclupn]cn( lm[ resune, \Jrlcd on .uum(lx.'.\,t()\rvud
scieiice Ldiid science e thmu [(>I This sanade vartcon ihi—i;lit huve

oeciired l)u aise thils wiis thie first course of ity kind that muny of

these students had T ul )
Teachers alrec Iy in the chirsiooi preseit et another probleo:
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whar md to rhc porcnrml for mcrcasci \.ll..]l) tlmr accompanies .1dd1-
rmml Cr Ldm and degrees: Usul”\ it micans they niost take course-
\\mk £t rhc gr.xdu.lrc lc*\ cl Howc\c xt teichers ..l(..ld 1T prcplr.mon

bcgmmn;, lucl u)ursg.s mug_,ht i‘ AT N © t()rmlr t()r qudturc
credit, but getting such courses ~d by u)llcgc stience dcp.ur-
ments and university curricu ittees 18 ;.rl) impossible.
Thus: by clouking themsclves o ual L;litiitii our colleges and
universities are adding to the pro. . of the inadequately prepared

inservice reiddtier. This problem is especially acute for elementary

teachers. ) ) )

Flow can we change the hotions of our subject onitter-oriented
colleagues? Academic scientses aren’t going to change their minds
cisily. After all; [lIC\ say; science includes ru,umus subject mateer dnd
shuuld bc tres 1rul W xrh xu,()r lt thxs is rhc st lbllshed .xmtudc thc .111

ore. T h().sc of us in L()”C}.’Ch

much. T hc m;xd ) .suuc\ 1SNt an cas
and universities have our work cur out for us.

o DeRose, LD Lodkard and LG I’IH\ Hu. lt. ld)u is thie Kev: A\ Rt[\(ll[()l
Three f\\l Stiielies T WG S ciids i Pre Codle o Sen Hnee. Mathe matacs
nnd Sonrl Scrcnee Fducazions Vicwo frome the Frold, \'Vh(l O, peas.

v Medhbing, KR CH Swedman, and KM Donnellan "Preparing atid (unh
Scicie Teachiers. Sinono ad Uhildvren ’“(-,.‘) [N ()unbu 1982

Bl ( T Sizcvice amd Mathcmatacs 1 the Schonds Iu/mf/ ol Contocass i,

vON]
N munll A nlum ot b numuum Woshingron, DG Tes )
Schoerders LS Cand | I\umu “Cancrete and ]HHHI' Teo o 3 Jouriad o
Rt Simic 1o " P 305 918, Novernber 1950 . .
Shyvimanshe, LA L W mu Je.and § M Alpore THow Elective Were ihe
Hoands - On Sacne Programs of ¥ v.w.nh_i"" Seronee pnd Childreiy 20080115,

Niiveniber Doceniber, 1982
Wessner; M cand L Ulens Tntellectuad Developr v and Artitede . Stu-

ddnes Taking an Togquiry Ornented Phvsica 1 Science Cotnse, ™ U7 npuhlnhul tuiiiti-

soript, Phssics Departinient, o Seite v Tversiy,; Baltimore, M
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Several researchers hive already contributed o the dctcriwwiniirit)n
of the kinds of laboratory teaching competencics scietice teachers need
to teach a modern science course. In the most complete m\csn;_,.xrmn
()t biology laboratory e Ichmg compctcncnes [2]; Kreazer ex .lmmcd
[hL h\c most C\tcnsnch uscd bl()l(){_,\: I’C\tb()()l\\ and dcvelnpcd
course in h.gh sf,houl bu)lo—;,y. Trhe ].Srt of u,)mpieternuers wis thcn sent
to 189 biology tcachers who had received the National Association of
Biology Teachers' Questanding Biology Teacher Award (OBTA). The
teachers were asked to rate each rechnique as to its importance for
bivlogy teaching, on a scile: hlghly csscntml 5 essentiil, -i; of Jverage
value, 3: of lictle value, 2; and of no value, 1. They were also asked to
add techmques that did not appear on the list. A final list of 60
techniques was synthesized from responses of 125 of the OF I'A
Wiriers.

1mplcs of bu)l()g_,) conipetericies from the Kreuzer study include
thc following.

Prepare dan infusion sich s a hay or peppercorn infusion.

Make use of the techiiqie of piper L'h"ri)"l'n'itiij_;'r’iph’y.

Pgrt()rm an .1([1\1[} rh.u dcmonsrr ites OSMoSis.

Prcp.uc wlutmns of various molar concentrations; for cx.lmplc, a

0.1M sodium hydroxide solution.
Dissect a frog in order to srudv its interil striictiire, Orgiis, and

S\‘S'[Clll\'

l \pcrlmcnt to studx phnmrmpxsm in pl ints;

Observe the l]c.lrtbclt of diphnia or .111()th(‘l' small organism)
under a microscope, ind lll\chtlf_,.ltcrthg ctrg cts of viifious emperi-
tures; stimulanes, or dépressants on the hedrtbedt rite.

’ o

o 73



G TONS \l\l BN )|\

othier food pmdu&S:

i dddidion o the biology coimpetenicies, chientisory, phiysics, ind
- Earth science competencies were developed - d validated by reachers
in those subjects who supervised student teschiers inscicice. Samples
from cach QI‘()UP tollow:
Samiple L irth Scivin. Coniperoncies

Determine the do oy of different objects.

Muke a demonstrzaon fog bottle:

Identify rocks and minerils by physicat andy or chermical weses:

I’)cni&n@rmtc rotation ;th 'r'ci'iilii[iim 'ot' c;i'ch' plaiict (example:

I)um)nxtr.uc tlu rcl.m\c hlllﬂldl[)

Scrup a model to investigate moveme: < © warer through }mrmlu
of differenit sizes, nicdsure rate at whicli wirer rises through coarse
and fine sand, and graph data,

S, ] '»I'L C /n ))11\1’) C um}wh mu s

(umuuu differciit Lmd\ of n]()lLLUI;lI‘ modcl.\.

Demonstratce electrical conductiviry. )

i)ctcrmmc vapor pressure; boiling pmnt, and txuum, poi  of pure

s, 1 ple Pliysivs (r:m/?cn. neiey
Use linedr dir track w iluserite and mile measurements of:
Uut. .uLclu dared ;1nd ;lLLClCI'l[Cd motiog
inclasuc and clastic collisons
conservadion of energy “
\lnlplc hirmanic motion
\Vul) I’()l'ut)ld canieri, plmumr.xph CUIOUs motion phcnomcn.t

(li;i!’L‘C‘ (Mllhk.ms L',\PCHH]CH[) thc Fatio of Lh.lr;,g 'ii mass of the
clectron.

. &«

Two cecent + lics further deseribe needed .1]3()r.m>r) [c.lcliih};
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competcacies: Voluner and James | w] list 60 Labor.i. vy teaching com-
petencies viewed us essential by science educato.s. il following
safety and operational competencies were ones tor whxch students

received low raring.

Sitory Capereronciey
Heoadting, stordge, disposil ut Liboritory substitices and Lh(‘lﬂl(dls
Koowledge of correcr ud facorrect procediires to handle student

npoces

Operatioiad Conrpeteicies

Microcomputer use

Recording: mercurnl ancerod barometer use

ILlL sCope st

f\d}tl\[l]k ne of [hc pH of a solution tw a new level

Scx I 1l dllunun [uhmqucx
lnrgc org inisms

Culturing and muintaining daphiniz; planaria and drosophila in the
el 1Ssroom

Usce of xxm,lc lcnx retlex cameri

Preservation of plants and animals for dnpllw dnd use in the
i[hm.m)r)
Ph;l[(\ nitfites, Jtlds gases, and minerals

Field cquipment tse .

Construction, procurcment, anid nnprmcmcn[ of Tose- budger and

linmc T 1dc cqunpmcn[

als tn e : community

l Gedtion Lmd use nt resource p(‘(vplc nuteri

Evaluation of x[udcn[ progress in tiie laboratory w:ing ardicude meu-
sures and cognitive tests
I\uqm)m/ Scienee Fducation Centers

Cobbins | i | dcvclopcd 1 llb[ of 68 IJb()I‘J[()I‘) and ficld skills essen-
tal for se: ondary school biology teachers. This list wwas seit to 238
sccondary scrool and college bmln—;,v instrictors for viliddtion, dnd s

a rcsul{ SH \kmx wcrc uknnflcd ;';;cm. 11

. '7a
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th<. ll(.u.ssl[\ uf <_st 1bllshm;_, r<_;.,mn 11 S.elce LLlLlL Lo centers, 'Ill<.s<.

tc:xchmq umnsclurs buppmt for thc centers would be ona [lll(.(.“\(.‘ ir
busis, \\Il’h most hmdmg thu)ugh the Nanonal Science Foundation
«NSFy. Centers would be 1ppm\cd by micins of competitive bids to

NSE. Industry, local schivol districts, dind sciciice equipniciic supplicrs

mighe support che ceneers as well,
Ideally; such centers would be attached o auniversiey. The | prlm ary
focus of each ceitter would be to updiate che teaching skills of weachers

who h. id ot been properly prepired or who were no longer pmtc»—
s‘mnxll\‘ L‘Llrrcnt Sonme tcuhcls \\uuld b<_- Llll()“ccl tm AN e 1d<.ml<.

lu 11 Burators competency instruction: Afeer thelr science md science
Skill preparition, folow-up dssistiiee in the lieal schuol could then be
L,I\'L'll h\ C. ull <_<;nt<.1 [hruugh,‘l scietice te. u.Hcr L()Lmsclm pm;_,rlm

in xmpxmnm s<_U)1id|r\ sclmnl 1 l(hII]L‘

Refcrenws
Cobbins, R "Laboratory and Field Skidls to HL lmludul i l’ruu\un ( tirriciili
tur Sceonddry Schinol Biclogy Teachiers:™ Doctoral dissertation: The American
Universiey, 1980, Dyvertation Abarect Imunumm/ 42025, 610-A0
2 Krenees, R ODetérmining Competencies for Tedehing Secondiry Schisol \(nd( Pl
Biology Courses.” PhD. thiesis, The T ity of MicHigin Ann Arbor; 19
L Viluner; RS oand R James. L 1hur oy Teadhing. Competencies for Science
Teachers as Viewed by Science Educarors.™ S ool Scrence ond Mathion atici

H2030 2257229, (982
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Do We Tap the Potenhai of Gontmumg Education

hncent N: Lunetta
The University of lowa
lowa City, Iowa

owa City, Iowa

Over the past 25 yeo ., caillions of dollars and much effore have
been invested in the development of scicoce curricula. We have
learned fromi that experience, learned chat we cannot build “teacher-
proof” curricibi dnd that good tedchiers dre cefitril in miotiviting
students ;ihd in p'm”m;;tihg ;u'c'nz'c l'c;i'rh'ihg We also h;i'\"c m’n“rmc’d

dxsuplmc d 1d thae p(mrl) qualified [C‘JCl]CrS pm\'ldc lcss than- ()pnml‘
fts. U"h)rtumtcl) t()r us md v, even

lc&lrmn;_, L\PCFICHLL‘b t()r stud

pmtcsw»ml ;_,r()\v[h uﬁd renewal anong science tcachcrs We sl
highlight ¢ily the centr il mlc of cantinuing education in cncoumgmg
\'1[;;11[)} professional renew al, and competence in science educition.
We belicve m-ipmeht and p'm'fc;;i'oml teichier is more than
assesses those pr()blems‘ mgcsts JVMl ible information; envisions s()lu‘
tions, makes decisions, and tukes appre riace accdion in the classroom.
Tlhiis teacher-initiated action leads to thc rcs()lumm of pmblcms and
pr()m()[cs lc;umn—g_, ;1ppmprmtc fur mdnldu 1l btudcms Such prufcs-
present in thc mujority of bcg_.mnmg., tmchcrs, even [h()sc fr()m 1,()()d
preprofessional prograns:
The level of profe
pect probubly 5 besi
cducation experiences. A very vi

s of the NSTA Scarch for Lxgcllcmc ln Sc

()nlll i, u)mpucmc Jnd C\pL‘r[IbC‘ thu we

¢

nary analyse
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(SESE stud) (The NSTA I(Jcm On 111‘01’«:‘)2“' m()nograph scrlc
nationwide.) Teachers in bESE cx,cmplarry Scienice cduunon programs
generally have been active p;iftitip;ihtS in long-term continuing cdu-
cation Jﬁd h.lve taken personal action nn devclupmi5 thur OWn CUrric-

Continning Edncational Aftervnatives

Good professional experiences in continuing cduu.m()n dcpund on
time for rctlcuu)n .md s\n[huxum_, cxpcrxcmcs md 1dc S, A sensitive
rience s well, I\pp[‘()p[‘ll[( condnuing cduurmn .1l[unm‘gs can
imclude

. working i dareds relevant to the science discipline tught tor
eX. 1mpl< in industrial, medicil, or resedarch laboritories

2: parudapatng in dl\LlpllnL releviant pr()uams in hu,hcrcduu.ltmn

suLh s sgiernce LLl[ICI[I()n ‘»LanLL ()r L()mpu[c L1p[;)llL;lt1()n\

pr()LL\‘ as 1t rel: ites to stletive or stience wi aching
bcxm., involved in exeended curriculum development or adapta-
tiun and evaluadon
being coordinator or principal support person for 4 mgor
Lurnullum implementation effore
6. developiig dppropriite carriculum enrichment materials; such a
L()nlpll[L[‘-l\\l\[Ltl instractional activities md simuladons; l{bm.mn\
investigations; pe rsonalized experiences, and concept .1ppllg.m<)ns
exchanging positions for one semester with e ichivr in inothier
region or country .
8. serving ds d supervisor or instroctor inoa preservice teacher
cducation progrim 7
‘) [c uhnm, umrxu h)r inservice [L.thLl LdllL ition

l)\ AN ¢St lbllshu suiblisher

M. iny r)[hc' coo dniing, educadon alternadives are available loc 1ll)
We should point siit thit w hile Wwe danticipiee some variation n the
ilcerin itives, they are intended to be

guality and ln[Lnslt) of various
more dhan just high qunllt) relevant. alternuative experiences. Pro-

Mot profcsw)n il renewal; development, and matur ity 15 our s
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poil To inzse the probability of sech development: we must

include Bf ~irt-nities t process tew infornviton aind o synehesize
and apply pe iormadon and world views to the local school setting,
'”k kalHL'H B9

Professional associacions like x\.‘sT A should act assertively in )mn-
i, Lovernment qgencies ad ul[hu pu)hs\mn il associations to setup
conniuing educition dlweriiitiyes of the highest qualicy. In addition,
Anarginizdtion like NSTA cian fuiiction 48 d solrce of iformition
dbout such alternatives, about ‘créative model peograms, and about
what 15 happening in various locadons. Communities and organiza-
tivits wich vilmible informacion abour deermatives are more likely to
civision.additional relecant aerivities and projeces thae can be under-
taken locally, They might then begin participating in this imporint
. ui(ib il mi,'\-tmbht which s in [IiL‘ b"cit nterests of focal educadion

NSTA Gnd ()[hcr OFpAZACONS NI0St 4cl o prumnu an environ-
et in \\lml) teachers are considered muture profusmn s Preser-

vice te. uhcr cduc ition .md llLL‘nslnL, dre onlv rw‘lmuu iry i thls (VLIL

storl comperency can bc .lkqturcd 11 one short bms( ut prucr\xu
iiistriiction. lo is qull“\ nmiive to belicee mmpcum) can be nain-
tainied fOr htumm withotlt iefiilly dL\LI()pLd continuing educitioin.

As g nacion, we have a righe to expect professionalism from science
iL~ iciicfs j-\< ﬁhif&s‘s‘i(ihil tL&thi@ we must hEIb ii[h(‘l‘ w ich'c'r;' tki

dc miid but will foster [hL l\nu\\lcdgc xLst, .md ..ll’[l[[ldcs of pmtcx-

Siondl scrence tedchers.
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Do We Have the Resou £ w D
Teachers Needed for Sco0i Scie

Gilbert Twiest
Clarion University of Pennsylvania

Clarion, Pennsylvania

rhc capacity ot America’s colleges and universities to pxcp ire
. nuuuh qu ified seicice tuuhc r$ o serve thic vountry's schouls in the

tumre is in doubr Cur-ently, howcvc ll[[lC lnf()rmauon is available

dll\l in some l()url(ms rlurc is i cquxll\ serious short tgc of [C.lLl]( rs
in ather science areds. ThtrsLh()()lr‘l‘ng pupul‘lru)n is about to stare a
sustained; steady increase in numbers. During the nexr wen eirs, 4
large number of professors of scicnee education will probably retire.
Thrs will gready reduce the capacity of teacher education institutions
to trdifl new scicnce teachers,
Recommuendations

L assess the crrenit Situs of thie populition of scientce education
v should be conducted to determine

protcxsms ln the USa sunve
I. the average age of pmhss()rs of science education cerrently e dch:

ing i c,.‘uhcr cducation institutions

2. [llL‘ average imiber ot yeirs antil tieir mencd retirenient

3. rhu peresntige of those who plin o change proov onst by
bccumnm college or lebllL schuol ddminiser ttors, for exatiple

rhc .1\.11! 1h1]1r) of nmc and resourcees to add to their work load i

'. rhc current numbcrs ()t scivnce education docrorates being pro-
duiced, andirhc availability of time .m'l FUSULITTS 10 Jdd o pr()fess()rs
\u)rk lu ul m .xdvmm, new d()uor.ll ¢ :ndld.xtcs in suc nce cduutum

dctivities
7. the perrentige of time spent in teaching courses other than those

in scivnee edugition
lt the dlu from suLh a sur\q mdlurc [hJ[ rhc p()pul.lrl()ﬁ ()’f
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thie prodicusi of pew doct dnididhites would be hielptul. This

could tike the corm of folloses P OPrOLEUnS, Sitniliar to the Nation:l

‘Detense Education Act e NDL L iciow shlps \p()n\ulLd lﬂ the federal

sovernmentdurmyg the T 0s Even if such programs were not possi-
big: scienee education de romenes of major oniversities u)uid use the
ditd from the stady o cocourdge miore locdl support for fes doctor-
des o scicnce educdtion.

A sccond study shuulu be umdmtul to duummg [hL . lplLI(\ of
reacher education insttutions to increase their recruttment of stu-
denes: and dhos their pmduulun of science teachers: The heads of
scicnce education depariments it colleges and universities should be
surveied o deteeminie

Fothe average size of scicnce hILIh()\ls lexxc\

2 the average number of sections ot science methods classes

3 thic 'ii)liii\" of thic institutions L0 HICTClse the size aad nomber of
segtionis Ut svictice iiethiods chisses

i the ability of the institutions to mug ise thic nunibers of studeiit
teachers i saience that they accommaoda e

If the study shows thae teacher education insttutions Lick the 1p 1c-
ity to g\plnd the producion of 1iese sgienice weachers: dien o program
shisild Be est. 1lvl|\hul ti Help thise HsTHEtons W du so. Griant pri-
2raims wu.d be est. 1bhxhcd tm L-\unplc H [hg pmh)cm were dumgd

’\Im[ H:cl It thg d 1 show 1 U)HHHL shu![ 1ge of science c\im o
professors .m\l i l.lL}\ of Ciplicity to [mg(lmgm Woscienice tedcliors, G
it these data dare widely }‘;L/ihr]i}‘i?‘c'd i e educationdl commiinity, ti
problem will correct iselt, Ko e dze thuae jobs dre avadilable usually
inspires people (o seck the cducation necessary tortitl those jobs

Althouph thie problems cited here are only potental ones:any delay

itinditig out o Bow seriots thc_\' niiglhit become could add 10 dhe

suicrititic tlitericy ot flittiie geiicritions.
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es School Science Tap the Key Resource
tha Eiéiiientary Principal?

Kenneth R: Mechlmg 7
CI:mon tn 1versnt} of Peiiiisﬂ\"ﬁiiia'

nmtcl\ dsl\ \thre drd we g,o wmng' Nnb()dy seems to be bl‘lmms_,
clcmcntar) prmup‘nls for the sorry state of elcmenmry school science.
And rightly su, for the surge of support for science education in the
196G0s and 1970s virtually ignored principals. VWhIlL a few participated
in the National Scienee Foundation (NSF) sponsored curriculum
duclupmcnt projects and inservice programs for superv iSory person-
nel, the number was only a tiny fraction of the critical mass requir: !
to launch d suecessful national effore o improve science education.
Insrcad thc beis were pluced on thc developmcnt of ilph'xbet soup
retraining of a re ;mvcly small | percentag,e of the Ration's vie. nentary
teachers. Prm' npals were Tot even in the race.

\‘() one doubts the importince of teachers or good science curriculi;
science fearning simply cannot occur without them Bur since curricu-
lum improvement hus long been rcsp()nsnbnht) of elenientary school
principils; it is ironic that so little attention has been paid t the kcy
rote they u)uld play in the lmpmvcmcﬂt of science instruction. If

principals had bccn ifi on the gction from the beginning; maybe we
wauldn't be in the prgdxgamcnt W dre i now.

The Prmu;m/ Ii the Key
it: studies in schools around the Umited Stutes, NSI researchers
lm\c dcscrxbtd the rnlc of a t)pxul Llcmcntar) Mhn()l prmup.ll "The

.sdmul S u]mmtum N |3|

*Scrence—A Process /\ppmuh Suiciice Curricolum Improvement Study; Elemen-

tiry Schoul Scienee. 87&
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Coatcno CongresS of Parents and Teadhers savs it thie prins

i~ chie They tactorT in che success or tatlure of a schooll 3] The
syt s that reachers need someone they can e o when

Tl cdfielpr They need someone to assist with selecrion ot exi-
Bauks inid Gthier resiiirtes, o desighi diser e proceais didt shiaipet
reachine SRS andd o provide tme for carrccdem plinining, Thai

somcone s the prcrpul

Morcover: prindipaisare ina position teon e or s currculum

ivitige vos Bricke! sands

T RN RS Proitioie of Preserit- iniiovnein He s it
B o b dpnored HC s poseertinh niot bediine e hiis
ronepody O T 0N CREItN Iy, or direrest i chinze the op-
Possic s coanrnon - butsimpiv beaiese he has dhe anarny oo precips
' !

TSR o

The Nitonmal Acadeniy of Scienices concurs: "Prindpads L ard the

kev agenss tor educatonal change or tor mantaining the stats quo.”

Pl
P

The finporsinge of die o oipid's role sees also 1o be borne nar by

roescatin A retentdrticle in 27y Defrr Kapypoor | reviesed ten stud-

ies ot crivctive schooling, Al e demonsirated thit principals were
Coarh cnporisnt i deternmning the ettectaveness of schools Prncr-
‘i“i\ I ;:ilt' \\“()H]\ \\])(IL lLl‘IL\LHlL[” 7\\.1\ })[Lh(‘ \\LIL \LI()I]L:LI
pristee oot leders, They were dassertive They led: They made the
ditlerence.

The procpals imipernint overall roo i school operatiens
Boon cited ropeatedys Whao speaitic eitec bus ot hed on the way
sarenee s taecht and dearned inoschoolsy Many would sav, "Not
crich T Uitors caiedy nimmy principals feel uncomtortabler o.en
Giadegince, With sticnice, ABOUT Gne Out of faur primcipals recently
seres e telt Tnot well quatitied” to supervise saienice instriction. o
A mere T opervent bad majored my science: inost had concentrared m
conding, linguage arees, Poglisty or soctal stodies---those arcas which
voenn o accontt tor b o postion of the elenientary school curricu
fon. Gy Wik ton nnine principals, scence reeeives fow prioricy when

i

conprered o orher schoul subrects, Whae can be dotie to strengthen

cocir sereree leadership skilisy
Wi tor Aetion

Clearlos it one single acron s to be taken w mmprove saence educa-
ting i thi clementry schoo] fevel o shoadd be to aimny oar efforts

Jdiretdt s pritscpals, tratiiiiig e for scieinee curricalunt improve-
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et while kg advantge ot their nuoural leadership role: Just
seachiin 4 Sigimit st nbed of the 60000 K-8 principals in the ULS,
Cpronents dredl chidlleiige, Howeser,

One modese ¢tar s undertdiy Fiiicded e aosill Prant irom
NsE now-defunct pmu am, lrvhmnm llliw.,'illrirl’\"l[ii)ll {i1 Sciciee
Ldiication, NSTA has mraated a projed Ll][i[iL‘Ll " Promoting Sviciice
Amonig Ilununu\ Schiool leuplls The poosioa is desigied (o
RN PIHIL.[‘\I\ i Likiiig d leadership role i scice nee unluulum and
structh 0o to }ulp theit dssess their oW science progr s and
iniplement acon plins for improvement, dnd o Iulp tlicin recopnize
the potenttaly A science msiruction for helping cinldren devel -~ life-
loiig ledriiig sk HI

Wiirren T Greetiledt, cditon of The I))Hul/hl/ magazine--~tl.c jour-
had of the National Associdion of Fle tientiny Schoo! Principals—
desiribes the NSTA project as “one pinprick of light™ in the withiering

gl Acording fo Greenleat,
The ropect reprosents one ol the Tow carrenl tenipts (o arcest the

contrnung dodine of sucnce edicanon i thic s Hoils: it oo hale dhe

aros il ol Americd s Listest grod ing iiiioriiy - oo saens b and

ool dhrerare P2

Althcugh dhe 2ISTA project provides d valanble ore
comprehensive cftortis now required. Heredie sever i

I Fithier NSEF om s renewal of kuppiii'[ foir pie CHee
ciucatione o the U Department of Sducation shete. itite

pmwlm dinied specificilly Gt nnpm\m” science le lkiLI\]lIP skills
among clcmentary School priiicipals. A subso mtal sum; porhaps §3
nithion to 3% nniloan should be dbloudied i thiese purposes exclu-
sively. Programs could be p‘t(u'lui after (!l.ill[.llr'qlhlrHILL[IH‘LY\.
acadeiie-vedr COIICTCTICEs: OF st traiioe proweims Listifig otie
O {\\U \\Lkl\\

2. Prote \sl()llll suicnie cdi o dssociations should encourage
their leaders and members to cdry thie messagt of scicnce education
toi thie prm(x;\.xl\ on thelr ome tirl, with cor.ereiives i their sehiools:
prispriis e their repiondl: state, and thiUiml convelitions: .md drti-
14 alsa be

Jes i thicir protessionl jourmals: A concerted Lﬂui’(
Luwieched o invite and cneotirage principals o it ’Ll["- dUseienee
CONVENTINNS, Specii .:H) ii1 workshops and sther progr. as designed
to increase therr socre leadenship skills while providing pracrical;
castly inslemenied e tor use motheir schoals,

5. MLitiy businesses dnd industries have experience . diid ex pertisg i

providing management er IR progr s for their own emplovees,
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Thes Ald be invited o join widch dhe scence education conununity
sdedtelopicend iipleniencn miethods of feadership eriining. Such

training should be specitic dly destgied o hcredse the scie e ledder-

shipand muanagement ~Litls of clemencas school principals,

Sunirniry

Scietice ek ton at the elementary school level 1s foundering.
;\V}‘iic cong onocunt s been devotedt ro improvenien through
Loth cur oo v developmient and miservice progranis for teachers,
icpadS huive Liegely been ignored. Though they dare the recognized
school leadess, ditde money or tine has béen devoted o steéngehening
their science leadership skiils—and principals are the key oo good
side oprams, It is unlikely due nuny ehianges will oceur without
stion in

their se. portand assistance. In face eleinentary sacnce edue

the U8 mitzht never be improved anless principals dre involved ina
; P

school joine s de stop their leadership skills 11 saence. These

stould b programs deseloped and implenentad o0 dhe fraee d

governmont professional sosoctidons, Cnd businesses aietindusrits,

Aotion s needed md nocdnd o
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o We Tiak School science to Scienc:
‘3u“°r'. sy as 4 Resource?

Gerry %v-am'z’.fu
Giilford Lounn Public $

Greensboro. North Carolina

LaMoeine Motz
Ozkland Schools
poitiac, Michigan

Prie nore cher areas b saer fucatiog, sticice sepervision
evolved ds o qericun response o the snodk of the Sovier Union’s
Sputik 250 s ago. Supervioors e o e o aiesscd toreiee
Linguages were ziven the foocuen . S aese ooas ol e
corrctulur, {7 What has hupper S

itz cad telsen (6] found thaa e et Were ost il l‘, to

A \ ork:

Getn during davpi e work week of dscience s ovisorin

P asrilting wich teachion 20 sechiog pupilso oS reurs ulum acty-

s, et ities reiated o ;L.: slics guipnient and 055 evaluating
teachers. Coosluenng a s in Flonida o deterniine die seaeos of
e sup o osons Ells o rl1 tpeople’s peee p{lu > ibout super-
visors ditfered from curreni rescarch recommendcitions for profes-
Sionl prepadration programs. [ 1] o Prcrto Rico; Oruz Pl |- | asked
four group o districs superintendens, teichiors: and science coordin.:
tors about ther role L\PLL{ Hions foF scente coordiinitors: She forad

SORIC dureement G e groups, but the amotnt and egree G Linset-

Sus viiried.
Otie of thic Binst reeeiit s dies of science i punw' role puuprmn
wiis Jirecred rhrum,n NNTA'S Divisiot f Supervision. [ 4] Inoa

national survey, recchers, admimistrators, did other proressionals were

asked o rank khc roles of the science supervisor it e order e
woeld most closcly tie their needs. Inorder of preference, these roles
were:
| Dirisraceion assistinice it the development of instruction.i mute-
riale implementation of curricelum cinzes: ‘neouragement of stu-
deiis iavolvement in extric e ilir progiaiis review aod refinement
of mcthud\ ot instruction )
Corrrondan s tacilitation of «acher involvement in curricuium

86
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N IR Ve

dewetoprae Ao on e methods o mueriads comniuriieas

Lhiaty oot iz fnew developmentss and o the status, accomplisii

et a0 ceds o the sl rroeiiiil

N BRI N 1 1 RS ot Tnsersee proge Cooerdinnn
SIRTIRNE ner schout personnels communication ob apperieniges oo
Sty .A.)i?iilﬁ'll;': i't‘\(:ii'nil Hl Cnrriends Tt i lon. AlL'\('}“‘.
T G-I RT PEORTI ubJ(-(li\«,\

ol nnini LD OF Opp cties for techer e

LG e oS, Ghoperdtive waddiing, dnd demonsteition

P o o informaton abvout bunding sources: frivelve-

, .

Beers o the x‘.n'\igll and remaodeane ot tacilivies: deve:
Gt cobosiils tor pnsruional projects

ST I A S

T sation oF dnierics tor etticient ase i daily

Prea e, g o Sipply Allocations: disseiinition of

THTRENNE ot s portanning o satery s Tabilines and about
disrenc s T e Hiton of iornniton Gelleerning cerrent findan-
i Sei e cnd bidper

oo Con v s st il aresulis nontenance of

S wndent e b e cn e ron ot teathin, objecnives hised

CTent ot e erane i ead feachersT prodc bion oo ih
HESTE S FCLE R S ER cestance tde ccloprag, s s ren g, andinter-
;\r'urm\; S N N L A R AT VS 5 B

Tob el Cassistdl ot ieachs o ce o nments equaliza
TR I R B L Tehon ot o cotithion e fevtionn oo st
werenn ot e sontnibier stadies | sho e resr o uli]:\

FrosLpe it b L tese i Ty the o sioddl einter
prise Soebostno o lemonsrrate that peopie are riinig more ks
STRTINRTS L INETEEN R isors than are oo answered

L L ories i scenice siperyiston shioald he viewed
LS O TS S ST AR S TERN AR A [C UK ER N T AT AN S S O T S
The o o the stenee s vipleivitiiiig the

TSP é'\i'« o, KT couldand Sh citifioent contribu-
AT \\i(‘!i(fé:( iI'(‘ gilhf:. ‘)i t §role should l}L']i)
Sobieon T nore pIE LlERCHITS etiph ‘bn-i"\i:mi‘.\ Jdaowelt s
throse tne o planni G bk dici s i shonld bhenes s ool
Lo Sinopreseri oe Sticnve ediivanion. X dlelr derini-
St e poremenis and role descrprican tor the position Shoiifd

i et Dinds tor the edncrmon and tradning of scienoe supervisors,

Slorciner enderstinding o eccinens hield for the role of the saience

N SN IR o IR SRR LT Y rstaiiiiig 6F his or her performance. | 2]

1

Further roseares tosaad this end 15 desirable.
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Avtracs Ditoria FOTTOARGY T A ) .
ceos G T Rode Eape s of the Saence ~uperseon, KOT2 s Perceived by
Tow biers, DS iid Supervisors Themselves l;.xpcx‘ I\rr\rxliui at
N~ Cconnenten, IS Chicepo, 1 o
R cand TOMOns Alent on Sacnee eponieaen:  Pdper presented ot NSTA
areaconvention, s Kooxalle 1 nn
P L Scicnn e Nupervisors An l:l:'l.m;c::ui j\\i;t'nxt'\"“ T00 Sotone Foadior
P 4 e LN
Oy 1Y Fipecrcoons tor dhie Role of the Scenice Covrdiinitors i Plier

Pl s e e citiselhves wnd e Kol Assaciates at e

T P \ : sorreoe ooy b vl oo 1TTOTEA

[ ( A Protile of Stience Supervision in New ok Stite

N I ) [N A A .

A il / oo Doty S i:lg :'i\n»wir(hlf\..\r::i.
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C. POLITICAL AND POLICY CONCERN;:

of Eé%di L’*z’imer? g

Wiitér Smith

Lawre:ce; kmls.l;\

CAniericd s ot the saone ER it was as hitde oy ten ocars ago, and the
Chuineos are aceeleratiing, As pointe " out by Jolin Naisbite [ 215 the
predomiane US occupation, until the very early ty\ult.ﬁh cenuny,
wis farmer, Then the industrial Liborer eel ed the farrercaad while
tHe Cities of 2Amie s 1 Northeasi and Midwest became indusorialized,
e farin beciine mcehirtized: [iborers: much like the machinery they
operdted, were nearly i Arcrchangents Jeramd thicir or mnnz needs:as far
4 sclcrne was concerned, were inanimal, T he Clighicers W his designed

b e e Liectories needed fieserae ceaining, and they received

The sare s tree of othor science }ﬂ'()ft:\;\iiin.l[; U)d.ij’. | i!

Viosweser, i die B o desades the accelerating groweh »f intor-
muition tedhoolign, coepled witive pdecline (o mannd cruring has pm—
pelled clerical workers Ghe. wWot L x‘)uu Pl A ere s st group of
workers lmr as indust o aiization chaneed farinig, fow iigh teehingl-
Ges i informaron [\In‘LL\\II\L are changing industry. (Robots cre
hores The second Lirgest occapation.d ry roday s pmhxxmn il

"u.'.ulzux Ciigiticer, Liseyer, niuse, vhrarzin cconntant; social worker,
i W s paper oo, el i, sciviiist, The people in dhese
tw o job citegorios, clernaland professional, have soime characteristics
i comeon: Fiest they do not make anything tthacis, they do not tirn
mitiral resourees imto productsss and second, therr raw muaterial s
Eriowledge, Greneible resource,

Peonle L hose work 15 based o kncweledge mmlp(llllun clearly
require ot complee education, micliidinig thie sciciices, duin dieir

f})rch("n:s It ;i; o, §i iul Hti(iii b@ )plLi li[ii Id, i\ptr'i't. .iml rc'piii‘ iitonr-

- 8.:]
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personnel are needed: soon rechnicn may eolipse clerl s aur nuniber

o i( Pl\

Clivtize~ it e A an scene wdl nos stop here: however, Con-
coer b ot wolitied over taiiddiy ol Gptions i oar fives: We
Call o e gerietic counisehiig e q G L ton O el
Do dedision wherher : born, We learn more
Shout e etfects on our healt o ctoand personal habits;
ccbinstesd of tely g on the vous. we are able o tike
racrerespotistbi e tor B o s e fncreiastizlys we face deci-

Soons abonr death tariiihies decide whicthor it s appiropriate o proloig

the e ot e cravelv il relanve who s dependent upon mediaal tech-

dotooy thiat sustains e Ronowledee, usucliv what we call scientitic
Siion cdve aimd dhie need o process d knowle Tos oervade sar Tives
Soorreh ndedtl

Focatlsphicres of acon ey, scivntiiic knowledpge Lixi@h-i‘girgls thic dife of
Cricitn Bat too many caildren dnd ddulis deinoiistrate,

o o acnons and wordss dhie oy have not geosped the
corect e ot saenee it divess Nwath sl realization dhat no
oo o il sodie o dniiplex pricbienn | recommend thar our
SR PSR AN DY AT R S cuwhn o be to oo dearnioof The e rieonal
Ry it e e aridy o S oaal Dedariv b studerizs will
Chooe o comprleie Tour soars of scicnee oad e sentties, prior to

dosciiond o Booon Thos dodisponsabio saeace and madthemate

ped cont e soeainiphishicd bhe L Spprepriate ‘L:l!".("Illlll'l‘.‘iii.ll diree-
RSN ATEE: acbitocntaliv, St died detision naikers mase therm-
seives percenne that stndy o be sretal oo dhie lives o A1 people.
7\4‘ 1('i1(1 \T‘:\ir\ !S('i.'l)i]\i !WE:)L It fe '.7\ [),_: it u)')\h;('(.ll Ili ':L\'\ll\ ulil‘\:“)i'

creeTa o miedicine, salchioe, or engineering,

NGNS prOpir am fol
Voo dhie sittiticn s Jiar sl s hers o women; nnnori-
ietice s nor for me” fnd

el b i pped pueisiins ol e s
S o tew front these o e e been dep red diiong e seien-

»ohieres owhy shoo hey dhinb othera ez Backing ane con-

.
. dopetsend uahies o saence studys muany stadenes, from g
coo o backeroan o poon of saience cand to e lesser degree,
Coerioatres o owhen consratited with elective hi_uh chool science
cott o eeualiv chientiseand phiosies, B

T reverse this nnnd e, swe st especiallv work o reach voung-
cers i nrades e to e the time when students cas begin o nvike
sonie decisions thoui scence stadv. We muso show these students that
cicrioc knowledee is tieefed T onde s th pursue most occupations and

with huan probleiis e confront everyone, UScienice 18

Juy
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e wome s i itea tlide dniist b brisaghic Boive ol stedents,

thic rility o Sddence st e, studerits shiould be

sz cd wotn peopic trom the community vho use science io thelr

D an gise che engineer, docerand research saientist, but also the

g sustehletic coadh ardusorial edhincian: business nunags

Gt N cloniiiies oo cnsia dpent These protessionals should

VIS L Sdiencr LSS i e iddde sthedt et High whiein thic
N ents are studi g sdicnod coneepts i dhie comniiinity resouree
pocple con discuss For exanples when studenes e studving chems-

it o nicdicl e hinolopise minhe have stedents o 0 inegar and

hetsehoid wniiioiiie it an wcib-base mdicior, the dosneed hquid

trom red G

See Boeed i wieer Fliviiig captired disir interest, thi

micdical ecbnote o could exphiin how pEtois used one the job in

Semieal analysis o1 blood aad sirine. The some activity could be pre-
seired B ru:\']u)ingixi; (l:if!‘)' chemist: orovoricny of others: Stadents
wothd theny receive w prictatl tesrer o oL guestion: "Why should
woStadh e Bt dnd e phividdys thies vl tined, setenee snndy

St deer payvott ) ) -
Sty during o study ot healthy the adhletic coach could Tead
stileries in simnple stretching exercises while explaining the purpose
St cach wit! the ielere how kinesioiogy ad phvsiology are usetul 1o
wches These Tive role models could be stupp - icnited with shiore or

catended visies o workplaces and widh posters [ T movies T3]0 fihm-

steips P end stedes P dhe Jhow the broad usefulness el
sty T career explorar v coies teachers should eniphasize the
portince of coniinied oo 0o and seience study by muaking
sure that the wse ot muidhionn Shd scicnee appeirs in the deserip-

tons provided tor cach occupaaon o

The selection of lve and medi sl models S cracial tospel thic
HATECA Totion Cotton ;sii;uii;i Stestones, thae science study cquals
scichiti-r Role iedels trom any occopations must be shown. The
Amherican et pae il s s dniiiging so ripidly dhn ﬁi:lri:;‘ students
Wil et o gobs for whic b neccontempordry role miodels exist. Fyern
st e can beep then o dhe o ncemathenuiéies prepuirdtion pipe
v to open job

Boe nows then they wii have thie requistee knowle

Gptions, MMareover, Tnontradidiond” role models must be hiberally
icdided o shien gic by ol studenes dhie imp o mce of SCICNCe or

peapic hie themselve whethior i, vootiiedi, niinorities, or -

\‘tbf‘t({ fL . lii\

i osarence curricalar empinasis 18 needed o

Cniove should be away from developing fun-

9;i

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

S0 9Ny YEARBOOK

Qunicittil sticnice coticepes g exemplified by fotermediate Saenee
Cuorriculun Study [l\\( ]1 towiard dpplicitions of scieace i everyone's
If¢ vas i othe Hedlih Activities Prograin [HAP]| L\dupui at the
Universiy of Calitornnds Lawrence ['1.1]]7'\){ Scieiiee el BSCS'S
/i';rz"';v)? \’:i'L'};'LL\ ' FU;M xim-m U u»ilcqii; \i'ill ;xill hL- . is’ici'L-Ll‘ li;ix

tons Fores. unplg Creryy umuph could be ringnt i relation o llu
.)fu' Ao of dndttonobile, then broddeiied sthier modes of orms-
portation. Ideas about soil could be raught i relation o thic comimi-
aity where the stdenes Tive and they could apply these ideas i
petiding or ongoing CONSTEUCtHN Project. :\\ is donce by AP, students
catt be taught dbout human Ciomy and physiology by measuring
shemselves tirst and thien dy\‘clnplng the conceps. Along this line
o citire school oreanized iselt around aphysical tichess theme,
staderies: teachers, other school wL-:'Sxin'iL-l and even parents uinder-
thik o progrant of cardiov: 1\u1]11 frtness, ncluding pmpu exereise,

J.ur nn'. rest. 'l':;L-_\' it unl\* ;idm\ui rlu p[ unul umunm of

!<~}

f)urm the 19808, th 2 dc-‘

arnd xh.;' i \l!'fll.\”‘_\‘ .nllrnt - e i Hodids oo (ke certain that

the vast muaiority of students recen e nmplnu scictice education thut
cimphusizes the uselulness of science tor everyone, To do less would
ahertcdenge botn studs oes and die soaety \klmlx raquires ko dedge?

ogradintes as enmiplotees and ditizens. And we mmght even dearn
thaat schoaoling s only one aspeut ol cducition: die cntire communiey,
noCiust the saols, muay resume its righttul respotisibility tor i Toing

VLY e ple pﬁf\\ Vlih‘
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Does s Science in the Flementary School
acilitate the Goals of Schooling?

s scdon Johnson

“orthern Arizona Unive Sit;'
Flagstaff, Arizona

Suppose printary teachers, parents, and scho . Tathnaie
led to recognize thar science actvities contribu. Tredov ontent
of re uhm: and mathemuadics skills. Maybe then s ~would be

futind for scivnce activities in die classroom: Suppose the same groups
ot pcg)plg were w be convineed it children could develop reasoning
and thinking skills through sciciice dctivities, Adding sciciice aetivities
to the curriculum might then be even caster and miore appealing
Suppise teachers  chool admmistrators, and p. unus wWere nu ldf\
aware thit studetits showed more intezest in school because of siccesy’
in science expericices. It iight theit be difficult to keep sciciee activi-
tics out of the Cassroom if we ridd! ) -
The aforcmentioned proposals cin all be subsantiated. Redding

readiness and read.. 2 skitls do :mprn\L with the use of science activi-

it

i ties. | ) Developiental levels of dunkimg do pu) gress when xucnu

activities ure provided for voung studenc 3] Science activities cun

provide the meaningte! context for the developmient of L‘i)’n.pixt.nmml
]

and thinking skills inomesiomadic (21 Swdens 0 increase dherr

Sptcrest inosaence and i oocher ar of the aurric. . through fie
st of scivnce aetivities. {11 These re s ave been o Tived inciden-
rilli o without directing use - the s vea vites toward diese our

comes. The potenual tor cion greaie suceess exists. it oily efforts
were made to use science activities speaticddly for the redlization ot
these onrcomes.,

Puist Opportiitics 1 promore science activities for - develop-
ment of the general goils Gf edu o have been overlooked i favor

ot coals reldred to science conterit aiid seictice processes. Doing science

of understanding scicnce, of becoming 4 scientist, and

iur the purposes
of underst mdmz what @ scientist dows h 1s been emphasized. It o
voe /'IH/HIIZ( to retommend that wczion be il cit o pro; umL the
die 0 oacrolve Gctiiitiv //u thc /))111/1;) [)/H/mu (1] ,/H‘/HL' i “/w
coneral coalv o edneatiog e tie cloientary clonl ler ol A fll\t step

is 1o coavined teachérs, pdrerits, Jand schiood adiftiiistatsis of tlie
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G ol UVEC L rn s tviies e bor e s o woads
Oreduiatne T T sipp ertis bt o elapeecarriculinm
Aale FEYORNE PR IR CIR TS § A IS TES col tor co chitnz the Uhas
foricsne thnnhae s tor devciopine ovad SRy s i tor

stndenUs solt rnages A dhird reconimenaation for o st

Bty encousacing and oo iservice cnd presers

RIS RN P~Todl tor

e realhiers o et svienice aeuvitios toserrd e ceanplishimg he

cenerdl godds ot edutitioge
Stonbt iy Lise sécommiciidadon be faipleinerns <Lsoeie dddiionl

ontomes might resule Teacher s eaing sciende i nes to e Hopead-

iples i nad dherr tear of sacnee divappeariey o

i tor

redtinind Thivse ~itne eacdiers cowdd cnd by acrnvely purseing

it knowledpe fo e own sake, Thie crearive reacher night ke

coot opportainoes to infegrdie the ledr g ot crhier subjects

dorimh s el detivitios Studens, iy ccento Wil buve the e

Cdiy s nie ey pmay acquire the same saence skills s torme
Gion expecied trom st progran directed spec o noearnd
hence outcontios v the e feasn stidenes” buckzoomnd o saene
chpenences will cnsble dhem Becer to appreciaite the ses o TR DS
' 1

LR LA I i eter '\L‘.!i'\ S(R'ilu’ sl s more ll[x‘cli' to '.k P et as

s integral pirn ot the elementary sehool curriculum racher i as o

Supardte skredt

Fetiche '\ O nonth FeaICRING (60 USC SUCH 0T 5
noplish cobier corricular goalss As ooresale they might i e
kel odemnonsoate i iy e non atraid of scences Stad e oo,
sl hoesin o vien Scichoe niore tevorabhe More posiove ks
vaemdscidnc on e part of stedenis and rcadin esti b e -

s Teped the he pracices of Usine sdence saiiviies o

e che tonat curriculug

Gthier onds oo Histroction and to o
spredd oo rthe upper elenicntars ol secondary school currien
St . v evet beiosie o par o thie iy experienee of cvery
Gho ot cvery e lissroom s every schiool i i eounerys This is

e possihly cdreasn, but s s drcam worthdred g, atil work to

ke thie dreant aorealits certainly deserves our best eftorts,
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l\cnncth Er.uner
North Olmisted Hmh %hum

North Oliisted, Ohie

The Lick o sdientific Heriey o 0 soriety s cause for abarm. | 2]
The podls of stence vducation d lx-iiis;'1'('\'\"i'ilrL~iT to phice more
gmphm\ on the 'unblun ol attaining unrlru Hg SRR Hiiw

might these new godls be put o praceice i the docal lesel? One very
uccesstel exanpic developed i the Nordh Ofmisted, Ohio, public iid

Activitics in Project Write

labty 20 Science-Relages
ST ~tudent wilt be able oo

Adebo arhg e voca iy LTS

B ‘l,(.“{,‘l‘

k . . . . .

co et P or enperoests - The roport shovidmcdede porpose,

e Bacrvanonis, i cnaie fusie s

N !1‘.;‘\‘-"I( sos e condlimron o CNPUSIT T L\Hll:‘i(‘fﬁ' ST Tce
i 17\;'\“':\'

s robierin i

N RN I Y

DA OF HIOCET sOrentis s, discoverios, or researdh treims s Thiee oo
Creporss on Nobed Poze wainners

G oW, ettt es,wite it abstra

SNy RS

O S TR G S TIE R TR SR TR )

Wi escte arttie bt e dess encvddopedia
T ctivedie hook CHee el seadent wrte an artcie o
Boartrcies toecther in book tonms

LA parttpaie In

st and e put
ST S SO T N R A fed Tob b dn o anend

Betn et heelan On b

[ A O RS B U S AN

neet Pl b Chasaroonn cnperienee s
R .o : i o 1 et e nd - }

ikttt 1 [N it tor prornog Gl e dind note s chanizes
S lnerice o b e N peaiaii, beniKo of Grtidle

‘ . .
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Wooor Sodond Saronce Seoakd Boo 8
p trochial schoots; has had an impuact upon thi scienitific literiey of :
ciitire school pupulmun Termed Plu]ul Write, it 1s 4 progrim th it
could bc \mdut iken innainy schoal system or classroom.
SCRIE \\ulc PrOpTI in which studenes ac il

Project Write is . sy
levels of m\nuumn cngdge i wide v iricty of Wit L'\PLIIC'I](L\
Its long-range goal 15 1o have studetits deiiaiistrdte G nastery of
writiing skills anct be able to expand those skills to JLLLP[ \hlg peitoi-

midiice levels e tieer-related ficlds: Trs basic plcm is thae if stus

dents dre golnig to write wll, they must have uppmmmuu T Write

often for various audicnices i a variety of a adeniic subjects; Writing
is tuugh i cach grade and in e, wh subject. in IL'I itionship o porenr il

life: L'K[‘L'i'i('l](’(‘i\ :md career ()ppulnlnltlcw Short written PILLLN foir

P4 LPTEEe 4 tmie dapsule of arttaces tor the vear A DL 200066

tahe class notes

Yy list tices ohout an crenit ot \rl;|('u[
Jrespornd [0 st questons i eSSy todii
Clisstty b cinaacreristies

D review L seivhive-rehited honk

outhine the \r(}wur the sarentie method

Wi 4 Im-‘w aphidial review ot aosoe Ntist

DO U264 SOICTIE TICW S T

SO prepibe dtifoted ini\]lnlux.li‘ln o TN

Uoouthing o dhuprer i the waihonk

SO HITC Hstructions iul' d4ochass .uii\lt}

Rl IL'.u[[u |mux1pu\(mm«m

S0 ~r1gm and report ond rheors et saence, at priodiic

<o owre o lerten snivitiigg liikoni A;'m\r speaher

W \\.xi:iv.xf'(- and contrast, tor i-&.nn[\l(. twn (Upes o elierjn, birds. o chennan
LeActions

T compare and contrast ditferent spedies

~s o eveiliite Zuest \[w'.lkn Prrese in.lliun

S NVHTe pUEsGns o
Goattend aosarenee ten

pedue an e \lnlm

¢ conhior demonstranion

b erviewed i Cliss
"
10 respond o oral questions i complote senteiices
i1 esplot Biciors rhii could Fave atrecred an unsuceestul experiment

Keep o weather dun

T
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vdariois educitioinl purpases are srequired at least onee a week inall
deaderiiic dreds. Studeaits dre encotraged o write with clarity; breviry;
exactness, logie, and with dppropridfc wit .md prace. All teachers in
the school system participate in Projece Write. Guidelisies for the

ssions are conducted for

prm_,rim are shared; and inservice trnmm_: s
the sttt An important pumt of this pr()qmm is that cach teacher and
adminiserdtor 1§ eicouraged believe thit he or she can make a real
différence in helping to iniprove students’ writifig competency.
Amnm, the muany différent strategies dand technigues dev clnpcd das
pecrr of chis program are lists of \\num_, acuvities that could be used 1n

e, th dred nt thc Lurruulum lur thC \ucncc cl 1ssumm thuc .un\mu

ng . pn[uul ir sc' ut CIFCUNSLINCCS L the l()ul level u)uld e ml\ be:
Hnurp()r.ltcd

Project Write also involves local community members \i’}i.’i come
1o [hc (.ll\\r ont to dlscuss [hc \\ntlm_, \l\l“\ nccded xn various

Cscientist mu_,ht also show that w rmnq style dcpc ads upon the m[cndcd

audience: scientist-to-sciefitist, scientist-to- public, and scientist-to-
student communications adall reqiire dlttcrcnt writing skills.

Project Write places strong emphasis on the developmient of think-
ing, reading; and oral lmL,un_:c skills. Tts strength also hes nits
lppllLdblll[\ atany level in che science curriculum, K-12.

Referenices
1 Huarrson. ,\[ Cioals of Suence Education.” Science 217 D“M lul\ O, l‘)‘\‘.

20 Swilier, ] TUTHe Giredt Science Skiwdown C Kinanii 078y, \:_prtmbu 1982,

w
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Does School S

Phyllis Huff
University of Tennessee

Knoxville; Tennessee

A society that depeids tpon welinology tor its ceonsmy and
sirvival cannot afford to ignore scicnee as a0 basics Yet dsigniticiit
aspect of tie seience educator’s sk has become convinang the public
aid fellow educitons that science is an importane part of @ basic
prograin i the cleiieiitiry schools, 127

One way to incorportte scieice ito thic basic clementiry school
corriculum is o lontegrate scendtic content diid provesses Qi i

Aready recognized basic arca ot the currictlum, Linguage arts=-

readiiii, writiiig. \'pcikinu, aid listening —through a technique known
a5 the Langudge Expericiice A pproich,

The Language I \pumnu Approach o w lLllIIl“ the lmt'u Ape ATt
is it recognized one among cducators. The child L\PLHLI](L\ A plicnain-
CHoH BF an eent, then uses lm[:m[;.. to share 1o with others ane o
lumd it for His owil tse dta Kier dme Studies have shown that
students tend to redd inore qt'wkl\ il with miore u»mpl(llcnsmn
when they read muaterial thiac b S pdre of (hcn background, ad (27
is writtenn 1o languege that thg\ understand. Linguige experictce
proponeints sy icsinmply: “What he cansay. he can wreites what he can
write, he tor ()[|1LI\; can read.” | !

Elemetitary tedachers kiiow that Volifig children are ina stage of

dg\glupmgm w |iL"rL' thc\ nLul concrete L\PLHLHLL\ ii mdu T b’[iild

upoin w |1l(11 to bmld Ilns is \\huc scicnee tits easily mnto the s mL,u e
L\PL]ILHLL ;IPPI()th 1o InStricton. \uung children are carious by
nature, The activities of sciciice dppedl to this ciriosity and provide
the child with somcething conerete, stimulating, did iteresting to calk

.lbuut read about; write .lbuu[, and hear about 1in order o ledrn more.
ity the

Ihruugn Jdeuv ities thut encourage C\plurl on and excite curi

child is challene: Cledis et dind rgxpund to clullenge: When
schools exchii o s tvpe of learning for rote or “progrimned”
lg {rmnz rhc-\ cut off enthustasm and the desire o learn w hich should

89
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How L!i‘ W s s’(icilct L'Llli('l[iu's‘ impltm('m a l'muu:mc Cxp('iiftiicc

thun‘}' than tn pu[ o .u(u.ll PI.IL[ILL. l.L,, 1 dg\clg)pnurl)rtr is it
ditficule: Preparing teachers becomes the hurdle to cledr. We niust
liclp t dchiers to realize dhiac science v nota difticult arca for them to
teach. Wi ¢ st sh( w thiem thiie simple, casy-to- u)lem( activities such
15 planting seods or ficdsuring e i wter [unpu dires are real
SUIE 'th; .iiid o Jt [hf&' Liii m;t nL3L5L1 %‘ucn'lhg ;lu_\nn or du nlul l\nm\ ]-
to [ll\L thedr times energy, and l\nu\\ lcd:;g Nt [hg MLH lnd work not
only with 1L‘.|L‘l1cr§, bt with schios] administrators: sapervisors; and
other ared specialists such as reading specialists, Convenient diree-
iiuiis‘ f()i' x‘L‘iLﬁiL‘E .i(ti'\'itiL@ nL"Lid tii HL‘ w.i[IiL'i'L'Ll n'i'd/iii' Lic\“tlki'pmi iiid
tor ¢ lll\lHL it [hL aetivides:

Au first, iy teachiors need inuch encour n.,uncm but once they
bLLiri [ii fL'cl secure, most hammg a8 Lll[hll\l istic md L\uud ias [h(lr
glitge experience '1bbm lL'Il ArC WAYS (e Idwlx can bL |n[mduuu to .md
cihcotiiged o tre sut the .lpplu ach: Many teachers n.n.,h[ benefit from
4 liveswith=kids dLmunsn Aton or from actoally I[(cmp[mn thie L\pL-
Fience for themsclves. Grroup sessions for dudul itig lesson plans are
also helpful, Whatever approach is used, i must be done with ciihii-
siastmn and with the expectation thae there will be folfow-up in the
clissrooin.

The skills mului tii tit msl ite science
Fichce dre dlreidy used by most elementiry wachiers: These skills

achivities mto lnguage expe-

consist of discussing or questioniig what wosde el then perting the
ideas into some written form. A sample of tiie linguage ectivities
which mu.,lu evolve from a science acuvity could nciude

e nuiking word lists of the words osed or needed in the activicy

e writing dircctions or storics .,buu[ whiie thie thi dren did and wh
h. vmxnu unphl izing decuiuey dnd seglivnee

e producing individual booklets which could be tised s texe or
references by others )

I he implementation of @ program of Lingu. IQL- L‘kaﬁ'iEiiL‘E through
science activiey would © selide nicither the basal rext nor a sequential
skills deve! upmuu progriin. [t would, in fice, expuand and enrich sach
a program by providing tor morce extensive redding aind wiiring evxpe-
ricices: more oral language, and an inercased listening, speaking,

reading, and writing vocabulary:

)

1~
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Do We as bscience Teachers lnﬂiﬁéﬁéé Political

Or Policy Decis!on Making?

Donald McCurdy
i'mersm of Neb i
Lincoln, e i

.'ﬂi'ch’igziii State lnwcr:éi&
East Lansing, Michigan

Todiy we ire fuced with a challenge o increase b()[h lh<. g 1111\ and
quantity of science <_dm o in order to help all students des <_lop the
scientitic and rechnologic, il Hreriicy [hc need o be successtul in und
contribute o our pr<_'<_n[ and fucure hu.,hl} [L‘Lhnlt il suciety: To obtain

sutficient Dublu support to mecr this challenge, we miust modlt\' our
wion o 1ndud<. pmkub(ml\

tund et 1I .r"umuu tm sclence cdu

llL w re IllLt thait [hcu_ I$ i Leonosmic .lrg,umcm for publu invest-
mene in educadon in generdl and for machemutics and science educa-
toON i punculn <_~p<_u|l|\ in light of the coiingry's productivicy
deciine.” [6] The quality and quantity of education have been impor-
rint i dL teriiiiniing future grow i | 31 Productivity; <.mp lovment, and

<_u>nomu \m_m,[h Jare nglul\ 1<.l lud w [h<_ qu m[\ of ()ul' <_-dug mun ll

u;..ll factor of pn,duumn Imnnmu L,m\\[h is generited not ()nl!. b\
redl capitii il i che form of wols and machinery, but also by men. And
]l ST [<_<_hn«>lm,u il iriprovenieiits increase the cttiucnu of machin-
erve so education ipcreased the etticiency of anpower.” | 1]
Scienstes: <_m,m<.<.r ceonomists, governiiedit ledders, and educa-
tors ugree chic our plC\C‘n[ level of science and mathematics cdm ion
in che'U fited States is inadequate to meet presencand tuture mdl\ld
wil and societdl n<_<_ds \n_nutu and rechinical Heeracy is inereasingly
necessary i our socicty, but the number of our young people who
Lrndu e from hu,h school and college \\l[h only the most rudimen-
Lire notons of science: macthematies, and technology por[cndx tri .xbl<_
dhead:” [6] Hard speaks for all when he warns, A

in the duadc
mujoriny of hl;,,h school praduates will become members of the fastest
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growing minority groip i the U.S, thie sucnuf;c .md [LLhn()]()AlL.ll
ithiterace.” [+4] N

Promuoting Pablic Awareness

In the US; the general public usually eleces the policymaking
xcho()l boards cluic must agret 1o Mt,mhc‘in[ chlm,c within the
snh()()ls Thus bnlrd mieinbers usuxll) reflect thc positions, dcslrcs
and demands of the general public, To increase the qlulity and quan-
tity of science educacion in cthe schools o the extent needed; major

polxc) chy mbc within school districts is required. This iy turn requires
the soppore of the ;_,anr.il publu

The general public must be infornied of the severe individial and
Societal consequences of m;ldcqu‘xgg science education in a hl;;_,hly
scientific and technological society. ’I'héy must know that the achieve-
ment level of high school graduates is declining at a time when an
mcrcmn;ﬂ number of jobs require more science and technical knowl-
edpe. The gener: il pubhc st undcrst.md thiit there is @ direct rcl i-

tmnshlp bct\vccn thc ;mmunt of cduc;mon ;md cmplo) ment, pmduc-

TSt mds pmscd at che brink of an Ldll(.l[l()n and manpower training
crisis thac will make oar emer;,ence as 1 world scientific and techno-
l()&l(.l] power akin to the miiden voyiage of the Tlmmc (6] )
For education to respond to this crisis, it must have support. Pii-
cnts the g,cncml publlc, ‘md thc )()unzﬂ pumlc in our sclmols J“ must

cduc‘mon

To promote a broadly bused publl( awireness of the need for ade-
gliate science educition, we need d mitionil Pllbll( mformmon ciim-
p m,n Wc must N 1Rc a u)nvmum_, case f(;g thc ‘mR bctwccn science

pr()d(lC[l\'lt). dl]d cmpin; ment: WC must convince the g .,cncr 1 publlc
thiat science education is essential for o/ studenes. We must creace an
inteiise public demand for science courses for afl stidents in grides K

through 12 : -
The pubhc information c.xmpdu_,ﬂ should be s()hdl) based on the

general public perception of the purposes of educadon:

For ovcﬁ 7()0 yc;lrs’ thc ccmrll purpm’c ot publlc cducmon H.ié Bécﬁ i(i

skiils .xnd actitudes are nudcd b) Citizens to sustain .md improve thc

soctal order. [ 2]

10
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Public education, linked direcdy o socictad needs, must reflect socivtdl
changes. The race of sovietal changes is rapid during some periods of
time and redchies plitedts e odher times: Oars s o4 tme of rapid

change and demands corresponding, Hitensive daenon:

1:'.\'}).1)1./1')/.;' NSToAw Political 1')’1_?72&'7772:1'

Over the past two vears; NSTA has made d strong cifort o influ-
ence federdl legislition related to science education, NSTA past presi-
dents Domild MeCurdy and Saralt Klein cach testitied betore dhe
: the Senate

Hotse Commiitiee on Sciciice, Researeh drid Technologys
Committee on Labor amd Hunman Resouiees: dnd the Sen e Appro-

pridtiois Committee: Subcommittee on HUD ndependent Agendies.
They spoke on behalf of the needs of science education and nade
specitic recommenditions for what should be accomplished.

This testimony was aided by i ii'c\'\"i)" developed data-gachering
system’ which uses 2 stratitied random samiple of seience and mathe-
mitics teachers in the USas well as samples of school adminisera-
tors and pliceinent officials: The process has produced some suireding

findings and should be expanded produce an evolving data base

rened o the pulse of scicinee education. Accessed via computer, it

L‘ijlild provide 4 broad runge of information on thie lieald of sciencee
edueation. , 7 7

NSTA iitist continue o extend and enhaned its political influenee
on the mitondl did local levels of government. If NSTA develops o
reputation for being .dcctrdee, it will soon be looked upon = an
appropriate and authoritdve sorce of fiformition relative to svic we
cducation, Federal agencies and private foundations will rely ceen s
informiddion in muking important judgments and funding decision.

NSTA dlso jiceds i system for disseminatng infornuition about
Washingron's legislidve procecdings. Because there are so many com-
mittecs and subomimiteees uit Gipitol Hill, the tisk would be impos-
<ible for any one person to handle alone. However, witlt its subbarical
prograinnt NSTA is ina position o obtain relitively low-tost -
power which could be assigned this responsibility. The Associai

should investipite @ cooperitive aremgement wid - ocher scientific
gronps to share this responsibilics and the resalting coses.

NSTA leaders who are interested in working wich cheir cleceed
representatives on legislition and policy mutters should be identtied:
and vrditized into @ network adequately representing all pires of thie

U S, Inforidtion thiit NSTA received via the network could be used to
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update regional as well as nadonal owimaKers on nuceers .l“('(i“i}l
science edncation policy: perbiaps by medans of @ newsleter prepared
and diseribitited moidhily OF Giiirerls
| Thise \\hu apiee ta particpae i dhe network wotld be |\\|uud
the IL‘\[\UI]\]I\IIII_\ or establishing hason with therr congressmen or
lppmplnu staft member o the congressionad otfree: the nnique
orgamiziton of evers congressioiil oftice would require some inves-
tigation o deternine the miost efticienc medhod for }h.lm}dlng it
nLition. lnportint position statenients prepared by NSTA onnnateers
Ssuch as the "Teachimy ot NtilLkg'iL?riL'i- Theories™ could be distributed o
ap pmpu e oftices through the network, Soon NSTA could be known
as the mugor voice for pumllc ¢ science cdugiation:

A plinsible activite tor NSTA in the itiire is . toiigiessioitil fel-
foweship prograim, perhiiaps patterined dtter the one conducted by the
American Chemical Society e ACSH The goals of tIii' ACS program arg:

. oo provide an uplml tuniy for scientists o gain freschand knowl-

~odge of the operations of the legislatve Branch of the federal

LOVTCTHTEN

20 to ke aviaalebic to the governmont anincredasing dmotnt of
scicntitic and technmcal expertse

. to bra. ulu1 the puxpuu\a of both the seicntific and g ‘_:u\unmur
tal communicies I(E irding the \Jluc of interaction between these two
progps
Obvioushy these unl\ would have to be modified somewhat to meet
the needs of the science education commuanicy: '

Politicians are constantly confronte ! by people and organizatonss
attemipting to intlucice the deciston-imaking process. NSTA st
t'ilid .i \\‘ ii' to hillki' iri \'iiiL‘L' Utiian’ iilil iLiI]iiii‘ii iiii’L- Hiii .il;ii jiiiil

rlu cotstitucnicy of any proup: the Qxcncr the pulltu al mtlucnc( As
wi tnlfear valuable L\ldu)u POt 3 Coin st of Jetion, it behooves
us o \IlllL this diitoriition wich our colle dpiies il Grher stientie

orgdnizations. . i

At bi-L%Eiir onl o landful of members in The Congress haeve

background i science We have a big and |mp<)|[ Lt |nb to do. Over-
LU Congressiondd indiffercice on me s of sorence @ ad seience
cducition will ot be sy, IhL stpgestuons i this pupn Il] CHUITION

lot of work and dedicdtion, but we will be decomplishing these g();ll.\

not only for oursclves or tor the sciencee education communiy, but tor

the country as a whaole.
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Part IIF |
A National Laboratory
For Science Education

Robert E. Yager
The University of fowa
lowa City, lowa

NSTA Executlve Director ' . :
Wﬁs’hmgton, D.C:

With Contributions from
Audrey Champagne
Ké'ﬁiiéﬂi W; Dowling

e
7

Sylvia Shugrué ~

Pfiiﬁ.ih f&;ﬁiiii%i[ﬁiliti?-i Uf §cli00’l <L‘i'cn'c'c ih"clud'c helping stadents
sting them in dhieir

undust.mmm, of thc mtcx.utmn of science .md society necessary for
and helping rhcm ILC()L,[]ILL‘ (¢ mutual interaction,

siich discoveries;

support, dand constr aints thit science and \()CIC[) have upon cach
other. But scidnce educdtion is not umfmcd to the classroom: o is also
concerned with interpreting science to the rest of society, and with
hclpmy scientists undersrand soucry

‘aULh 4 view «)t ST 1cmc Cducm()n rcqunrcs bm.ldcr no ils tor sdmol

buites: v el - ,
Since science edacation is 1self a scientiric Lliktipliht it must have d
b.lsc ot \Ln()llr\hlp A new f()L[I\ on lC‘\C.lth a ad dev Llupmcnt in

IMUST Fespect the sucnrmc dlsup ine constriints w hllc asing reli 1tci

9
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tc*chm)log) 7 7
But new research 'h'd giéi'éliipihéht iéquir'ci more 'th';in' mtm'ey——it

scdrchers t()d)y lm\c a multltudc of trﬂmng responsnbllmes service
commitments, and adniinistritive tasks su that they will not be able to
respond Jdequ&tcly to infusion of massive new funds Nor can the
situation improve with funding for réscarchers and dcvclopcrs who

ire undcqiiainted with science education or the public needs.

H\
=
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A. A NATIONAL LABCRATORY

FOR SCIENCE EDUCATION

A national labaratory tor science educition is envisioned as an
important solution to the critical pmblem associated with Americans’
low level of sucntxha dnd [L‘L}'In()l()j,lc.ll literacy. Stichi a l.lbomtory——
pcxh.lps locited in olr nation's capital—wotld par.xllcl the several
ldb()l‘.l[()l‘lt‘s that exist in the various other fields of pure and applied
science and would establish science education as a legitimare discipline
with specific goals and a definable research base:

Five features of such a n.mondl l.lbor.lmry for science cduc.mon are
proposed s essential: 4 K=12 school, think tanks, 4 development drm,
a rescarch .l}_,t‘nd.l, and a communication ncmork .

- LK-12School. Thc .mon.ll l'xbor.lmr) f()r science cduutmn would

ily upon mmtmg 5[.1“—— many to come from L()“(_é,(.‘s universitics, and
schools on internships or sabbartical leave from their home institu-
tions: This laboratory school would be free of the constraints often
1mposcd by a hist insticution. It could seek out students and could
capitalize lipon ideds, experiences ,.md rCsc.lrch conducted n.mondll)
The emphases upon rotating staff, identificition of problems, the

infusion of new cxpl.lnatmns dnd new modcls for ¢ tc«mng1 them would

Thc .lb()rdt()r) would not slmply concentrite on gifted students or
on those with speciil interests in science and/or science career aspitii-
tions. Science magnet schools are often singl. purpose schools focus-
ing upon enrichment and acceleration for students already directed to
science and science-related careers: In a sense: these single-purpose
schools are 4 detriment to solving the problem of an appropriate
education for all citizens in a scientific/tec hrn()l(r)é.,lrc.ll suciety, Children
i)f all ubility léi'ElS, ihié'réistis, a hd races. hébd to bb ihtludcd ih a t'y'p”n'c;il
ing for af/ chlldren:

2. Think Tank Opportunities. The laboratory should include groups
that function as chink canks: The laboratory would provide a place for

: ol 1i0
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thinking, contemplating, and debating: it could provide i plice for
creating conceptual design studivs, as well as for planning TSSO
evaluare new ideas.

3.4 Development Arm. The nativaal luboratory in science educa-
tion shoald have 4 devélopmient arin as well. As information is pro-
dueed, prototype ruaterials could be deviloped for tﬁ‘iiii iti other set-
tings. such as schools; mosennts; and relevision. The developmient ari
could be dn important ingredient as new theories for curriculum and
instruction were developed. Such theories arise from observed suc-
cesses; failures, and trials.

A A Reveareh Avenda. Tn a well-ntanaged program of science edu-
cation research;an essentic | feature is an infraseructure thie brings the
products of research to bear on science cducition policy diid prictice:
Conversely, this infrustructare ensures that the goals of the research
program reflect the inforiviation needs of policymakers and practi-
toners. The reasomableness of a proposal is established on the basis of
need and the quality of the research plans. The delincation of need for
i program of research includes descriptions of the stceess of pust
rescarch efforts, projected knowledge requirements of the field, dnd i
discussion of the value of the products of rescarch. The quality of the
rescarch plin is determingd fo pare by how it minimizes or avoids the

problems of past programs of rescarch with simiilir goals or adminis-

trative churaereristics. N 7

An important contribucion to our understanding of thie prubleims of
rescarch plinning and eviluation is the description of the muiiiy fuces
of social research as deseribed i che National Rescarch Council's
report, The Federal Divestiment i Kuowledee of Social Problems.
| 3.1] The authors of this report redefine rescacch and developmentas
kinowledge production and utilization, and they deseribe @ variery of
acrivities under thiese two headings: énowledee production—rescarch
on problems, the collection of statistics; evaluations of programs, and
demonstration projects diding the formation of policys and knoicledge
application—demonstration projects diding the implementation of
terials relited to problents, and cfforts

policy, the development of nu
eminate: or use knowledge of problems. |3

to synthesize, dis

There are many differences among types of rescarch dctivities
listed, including the specificity of pracrical return expecred on the
investment in the rescarch and the time frime for the expecred prac-
tical recurn: Thus; what is commonly called basic rescarch is viewed as
[iij-riange research on problems. Basic work that investigites the
nature of scicnce learning, for example; will not—and should not be

11
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expected to—produce demonstrable results in the shore terin. [ 5]

However, the resuts of other knowledge production activities, such as

research to collect stansties: should be cearly demonserable in the

shnrt [c-rni'

thie fuiction to be served b\ the Rm)\vlcdgc pmduccd
I’rrwr'zm—r/zppr, »'11;1' ACUIVITICS ()Hcr mh)xm 1ion tw meet [l](. shuirts

Pu/u; /u;mmk activides offer infornucion chat c(mld hc p in nx d\
ing p()ll(.\ tor i longer period of time.

Profilonecxploring activities offer a dccpc understanidiiig ()t prob-
IEmA tli.lt m 1y liEIb o dchnc p()ll(.'\' ()p[mm. even if no specitic prob:-

Knoutody ve /z/uizz'mu activities el irpe thc resources of knowledge
or mulmd \\uh .1pphum)ns tHo [h(.‘ umkm mdmg ()f pmblcmx thc

activities wich rupcu to science education research C()uld be c\pccwd
to mt()rm debites bt the viilie of rests areh; L,uxdc AT USSUSSITICT
of the effectiveness of p'.l.si[rr(_‘.s(.r".rlr(.rh cfforts; ind to itorii thcrpl.m-
iii'ng nt research Efﬂii’tk‘ Tlié di@ti’n”ctiiih@ :ihiiihfu 'rti'ci'r'cli -.i'ctii'iti'ci

W hit p()rtmn of rese: [l‘Cll slmul d be dcw)tcd t() km)\vlcdqc pr()duumn

and know ledge ttilizition dctivities?

To the science educator; the bres ith and d(_p[h of the dounmuu i

tion and mnalysis proposed here for a science education research pm-
gram mlgh[ SCCIN UITIeCess: mi) extensive: For the most part; science
ceducators regi 1rd rescireh detivities iy inerinsic 1ll) valuable and argue

that science educition resedarch has had demonserable dtcus on teiich-

ing prnulcc Hewever, it a nu 1)()r pl‘()}_\rllﬂ of rescarch is to be inisti-
tuted and muainwined; the science education community must be pre-
pared to entist the support of others: We must be re 1d) to counter the
dfguineies of the critics of cducational research in [;(.ncrll and of
science educition r(_‘s(..lr(.h in purtic ukir. The field must be re n.l)

provide p()llcym;lkcrs with the information necessary to justity [h(.
idk- Qiii”c’rxihi'ciit rL—i

;illoé'iiidii of 'rL?'soii'rL'L?s 0 'rL?S'L?'i'r'cIi -.iiid w0 p"rii'v
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S. A Communicitions Dissemination Linkage or Nerwork: The re-
sults of e luburitory efforts could be released as national reports for
others w se, to test further, and to wilor for local needs. Tace natioial
laboratory could be used t communicite the outcomes of conferences

carcli, thie products of development,

and meetings, the resules of v
and the experiences of the staft. Such commiiicition would provide
direction for science education while serving as d direct link between
rescarch dnd prictice. "

This ¢ mmunicdtion tetwe -k might tike several forms. As illus-
ceated in California. Regivial Tocchier Centers could be one link. Cali-
fornia has recently cnacted an investument in People Program to
improve scicnce, mathematics: and computer cdiication in grades

K-12.]2] Most of the money put aside for the program will be used to
set up and run 13 regioiidl teacher education centers, to provide for
staff development. and to fund exeriplary instructonal development
srojects. In these centers it will be possible o focus on program

' Tier

objectives—thit is: how to teach objectives, with miuch ¢
sharing of ways to vvercome problems that arise. The most effective
staff developmeit seems @ happen when the inservice prograni is

shuped by teachinglearning objectives rither than by professed deti-
ciencies i teacher background, motivation. or other personal charae-
teristics. Teuchers who sce themselves as peiicrdlly "ot ready” to
teach science iare unlikely ever to fecl ready.

Another linkige systein could be the establishment of seience resauree
centers. These centers wolld be geographically and demographically
distributed in order to provide services 1o all children; and could be
housed it existing regional facilities such as Couperitive Educational
Services sites, college/university campuses, muscums/science centers.
or industrial parks.

A science resoirce center would be munned by a permanent staff

Lirge enough to carry out the direetives of a scienee advisory board
conmipused of parens: teachers, schopl administrators. sciertses; and
“cicnce ediicators as well as representatives from indusery. business:
and government. The responsibilities of such a buard wolld iiclude

i clarifying the goals and priorities of science education among
parents, futire employers: school administrators, and teachiers [6]

b. identifying the programs and teaching mcthods, the vutcommies of
which are congruent with the goals [6]

¢ recommending services which would promote the stated goals

d. suggesting and eoordinating evaltations o measure the effect of
specific progriams wward mastery of stated godls

113 -
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pmgrdm
f. menutwn(x_, and utllngumg avattuble legmn.ll SCIENCe resource

muteridls Chardware Jnd mlt\\ dre)d

pe 1rcnt/tc.u'w ihitmtlve in lmplcmcntm;, innovitive, 1nquiry-
oriented science projects

The science resource center staff would implement the priorities
and goals of its advisory board through such .l(.[l\l[l(\ as

° prcxcmmg a1 series of lectures and he inds-on science demonstri -
tivns for parents and children

e involving coniinunity representatives in the dcsl(x_,n pxc-p.numn
and disseminidation of hands=on inguiry science Kits for use by students
at honte or i the classroom

s m\nl\m[; reumnll J(L,cnucs 1n the dexl;,n .md construction of
()I'Ldnl/'l[l()n\ SU)Ll[\ Of community centers, h)l e\dmplc) or by
[L‘d(.h(:l's in rhe instruction ()f mqulr) mlcntcd science

other interested community mcmbcrs to SCrve as science resource
dides in the 1mplcmcnt‘mun of inquiry- -oriented science pm]cu\

e providing inservice, Chautatyjui-ty pe short courses in science tor
parents and teachers |1 |

pmvldm(x_, \Lh()]lr\hlps to eneourage dttendance b) parents and
teachers ar state; regional; and natonal conterences for science

cdum[()r\

. umrdmltih;, publu relations Pl‘()(}_,l'llﬂ to pul)lluze (L,()l]\ ac-
u)mph\hmcn[\ coneerns, and even the altimate favoring of serendip-

l[\' of science instruction

master teachers of science. F')cse tc.uhc rs would have a \PC(.l.l] inter-
est .md [rumnu in [hc \ucmcs Thc )_,mup ut spcullls[s wmlld be
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tmuscd Ll teacher cduicidon. We know that school science; more chin
any other curricular dred, is multidimensionul. To be complete; che
science curriculum must t.mph 1size [hru. cuimporiciits: concepts in the
biological: physical; and Earth scicness; investigitive problem solving:
.md thie interactions of science; technology, and socicty. Students learn-
ing Scieiice must. bt. involved in dt.\dopmq and lssllnll.l[lnL, sclence
knowledge in developing process conipetence, mgludm;, ni ithemaucal

.mphL mon .md n nu IL\II]L \.1lut. ]uduncnrs It. uhcrs nilist N 1;,(. a

m\'t.;.ug,r.ltmrn J\dmlmsrr {tors st z vC strong SUppoOrt to ] mldc
sion.] time and mioney in excess of thue required in ()thu

p- ofes
pr«)gl.ln]\

this u)nlpl(.\ pm;,l am h 15 rcs[cd prinu ml\ with mdnldull cl ISSTOOM
ieachiers, who hive been provided wich limited resources and Himited
interiaction with u)llc igiics waorking in othier stience courses or ocher
ievels of science tcaching. Even [lmm,h d SUpPpOTrt systein il be pro-
vided dirough dcplr[mt.n[ll mL,lmuuon or %pk:i.'nlucd curiiculum

coordinitors, this system has rarely been successtul.

A comprehensive center, fucused o teacher educution; would have
two main objectves: (17 to ht.lp schools, through the education of
their lns[ruumn 1, resource, and supervisory pt.rs()nnt.l in dc\cl()pmg
thicir capacity tm sclf- »mprmcmcn[ in science «dnd muht,m itics edu-
citiiin, and to assist the effores of u)ll({;if and universities in
dt.u.lopm;,, ds part of their regular actvides; more etfective programs

for the preservice dnd inservice cdua.m(m of science And n. 1tht.m 1ics

teachers. The re:
worthy of consideration, Al[hou;_,h initil ()b)uuw.s wxll be s()mu\h i
different, it can be ¢ 'pcacd that a cooperation that did not prcvmusl)
Uus[ \\l“ bc est ll)ll\h(.‘d bct\\ cen Q()\Clnln(.ﬂ[dl .Q,t.nucs hl;,lwr t.du-
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B. CONTRIBUTIONS OF A NATIONAL
LABORATORY IN SCIENCE EDUCATION

A natiomnl llbor.mn\ 1 scienee education conld provide a link
the llrx_,u communmty and to otlier protcxxlonllx it cducation: Adualr
educarion could be involved: cxpcu tlly sirice current resed irch midicites
thut such C\pcncmcx are more successful than school-based ones in
res ()l\xm, scientific illiteracy: The connection with administraton.

~curriculum experts. buxmcsx officials, healds pmfcxsmn ils; counselors;

and teachérs ot other disciplines u)uld bc studied.
M()dcls «)t c\ctllcnu u)uld bc dchncd dc\'c ()pul lebllLllLtl, Jnd

In scrence cduc wion 1s for: thc ulcntmc ition of (.‘\L(.‘“C'HCC' from a
variety of perxpcttnc . & deseription of such C\cmplarx a review of
chieir dc\clopment and a study of the support system necessary to
maintain excellence.

Recognition is one ()t the most potent motivators. Recognition of
excellence could- stimulate use of proven tcchmquc and 1pbunchc
rachier than many of the other correctives for science teiching tried
and tested by NSE between 1955 and 1981, such as the pmductum of
new cauises; the isolated lmpro\cmcnt of xub]cct nuitter prepardtion
n]()\[l) hx te ulu rs (d\ b ull) as thh is nﬂcdcd or the procurement of

Est 1bhth;, a naumml X 1bor 1ory h)r scieqce cduc.mon i the most
impor e slnglc action we could ke to alleviiate thc ploblcm of
Aniericins low level of scientific and tcdmolo},ull literacy. More
rcxcnrch mnduucd in [r‘ldl[l()ndl HC‘ttlng\ unl tr..ml 1tcd m old \\xl}x

natioml lxburm)r) u)uld prm'ldc the prcxtu_,c thc nee dcd time dl]d
mix of 1cxc‘1rchcrx dﬂtl pr ictitioners; the communication mcch ST
and the pcrmn power to meet the extraordinary challenges of dichiev-
ing @ well-educited, scientific/ technological society today.

Refereiices
1 Benson, B " Retreshing the Teaching Spivie.” The Science Teacher A9165:39-11,
Seprember TO82
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Appendix
NSTA Position Statement on
Science-Technology-Society: ’
Science Education for the 1980s

Preambic o S
iice Zmd ((-chnulu;,y influcn(c cvcry .mpcct ()f our lives. They are central to our

Ll()(hlné.,. mcglrxigncq (r.msporuuon, .xnd Farious suirces of cncr;,) Thcrc are an
"n},, number of sucnu and (uhm)lu;,) -related socieral problems as well as
1l be islugy dre central to oot ’Crsun.xl md
und to many socie s ) )
education for all citizens.
H()wcvcr (hc qu.mu(y .md bjh.i]ity of science cduuuun tor .1]] pu)plc dre not
[ i nice and techaology in society. When one would
pent on science-related subjects, .md suppur( fur scie
tion to be increz inp; they are decreasing. At the s
societal problems cuntinue to require an underst
The barden of response rests heavily upon the shuuldf‘rs of ‘1// pcrsuns .1syulucd
with science er cientists, engineers i
and school Jdmmxs(ruurs Many uf tEé problems we face today can be solved (ml) by
i i Ogy. A's ~nt|f|L

mncre

nice eduu-

persons educ
litetracy is busic for liv -
There is a crisis in science edu dtion, The folluwmg, science- (cchnulugy-smlc(y

pmblems demand immediate attentio
& understanding of science and technuluby are cenml 0 uur pcrsuml and national

w lf.i;c yet public appreciation of science educatior
ing i iimbers ()f mdlv1dual and s()ucml pmblcmx whuh have an impuct on

.lred to its recent past (hc United States has fallen behind in the production
ntific .md technological goods linic if

omen; ninorities; and h.mdlupped pe
professivnal and technicl roles in science and technology:

rsons are underrcprescn(cd in ncurly all

Thc goal of science education during the 1
; whi onderstand how science; technology; ard soc
umer Jnd whu are Jble to ust thls knowledge in their everyday decision making: The

ubstantial kno\iledl,e base of facts, concepts, con-
vndual tu continge to learn
nce and technol-

'og) in soc .
The 'mnbutcs l

a continuom along which the

109 118
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My progress. The progress ot the andividual's science education shiould be equated

with progress.along this continuum,

The scienafically and i ally literite person: )
o (55 scicnce concepts, process skills,and vadues i nuking res ¢ ¥ sions;
s Understinds how soviety intliences science and tedmology as well as low scienee

«chiolog

and technology influence sodetys
3 uiderstaiids thit siiciety controls science and rechnology through dhe atlocation of
resourees,

& recopnizes thie limitations as well us the usefulness ot scicnee and technolowy in
advancing hunan welbarer ) o
o e Kijis dhie iifijor concepts; hypotheses, and theories of science and is able to tist
then; o

o Gppreciites saence amd technology for the ineellectual stimulus they provide;

o Unddrsuands it the peiicrition of sceiitic knowledge depends apon the mguiry

priseess dand apon conceprual theori

vy

and personal opiior

e distinguishes berween sticiititic evideiic )
o recopnizes the origin of science and understands tha scientitic Knowledge s

. tentitive diid sibiject t diiige s evidence sccumulates:

iled in the use

o understands the applications of wehnology daid thie decisivits G
ot technology,

e hus sutficent knowlédge and expericnce t dppretiiic ihic worthingss of rescarch
and tedhinologicil development:

e fis o richer and more exciting view of the world ds 2 result of science education:
and o

e knows reliable sourees of scicitific itid tecifiological inforstation and uses these
suilites 1 the PrnLC\\(lftitLi\ﬂrﬁ ﬁiikiny

Recommendacions for K-12 Grade Levels

Elementary Schad Serence

" Science shotid be ai integral pare of the cleitiviitirg silioal program. b should br
used o integrite. reiiforee: and enhunce the other basic curricaldr dreds so s to ke

learning more meaningtul tor children. o )
A carctiilly plinped and articulated clementary, science curriculum shatild provide

¢ of basic_physical and lite s lenee

dutly opporcunities for the sequentiil decelopii

cotivepiss dlong with the development of scicncee process and inguiry

Elementary scieiice shoiild privide sppirtanices for nurcuring children's natural
curivsity. This helps thém o develop vonfidence o qu i aiid wers based
upon evidence dind independent thinking Chuldren should be given an opportunity to
cxplore and investigate ctheir world uing a hands-on Approich; with instructional

muaterials readily availible.
The focus uf the elementary
A ing and an dppreciaton of tie world in which oy live.

ietive prograit shutild bt oif fostering o children an

understindi

Lot
Muddle Juninr High School Scicice
Thie middle junior high school s¢ :
ds and learning sivles of the carly gdolescent. Students should be provided

coninio:

nee curriculum should be designed o

date the nee
¢ opportunities o

with d Siore scicnve dhrotgh reddiiig, disetussioin and direct

learning expericnces i the elissrGonn Liboratory_and field.

Middle junior high school science should contribute w the developinenc of sciennf-
ically lirerdte persons Gl i simply prepare them tor the next sa :
National studics have showa that uften middle juion High school seicoce.is destgned
stidents for high schuol biology with no emphasis on physicil scictice. Iii

igh students going on to

to prepare
“ddition: studies show thae fewer than oo Half of the juri

high schoul tike ehemisery and physics. Therefore, teis imperative thatan importint
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thirtse ot finddic jaiior high stliool sgiciiee be tiwid tic rln\m it il Bareh sticiices:

Middle junior g school students should contnue te develop science process
Skills and conten:, Middle jutiior high school seigiiee should mell size the applica-
sfon et both skills and content 5" personal ife situadions and enable
students, o bLLII] examming societa issues that have o scientific and technolomicad
basis. Middle junior high school studenis niced taappls s dicy have ledred Sooii
after thelr fnstruction o msure the List nL vatue of the expericice.

the stude

”}L'/r M')’m:i] Sctence
The Bigh school sacnce curricaluoan should enable stwaents to furdher develop ther
suumhu did technioligicil litericy. Cotirses incorpariting Well-desighed Liborators

and ticld work help o meet tins ne

A bl 1 f I 1
ot one year of lite saicnce and one year of plivsical scie
(LLIH]()IL!_ t.
develop skills in IL!L'[H”\II]L science-based soctetal prubnuns and e making de

nee—-both taught in g \LlL‘

V-sOCICY. Cont lie conrses showld provide sindenes with up]nnlll[

.lbuu( rhur rcwlmmn

annoed and sequenced o w

nnithicinitios

T v vl nee oo . -

¢ iower elementary level tgrades K535 1 mininm ot 1+ - hours week of sciencd

Sshould be required.

¢ Upper elementary leve] cprades 200 0mimmum ot 2 - hours week of science
should be required. _ . .

e Nide ”L Junior high \\huul lg\d lu.ldc T9% a minimm of |1 hour day tor at
lease 2 tuII vears of science should be required of all saidents.

LI r th schicol Tevel tgrades T0-125: 0 mnmnum ot t hour pgrd iv for 2 hl]i

vears ot saence should be required The courses should represent i balance ot physical

dnid lite sgiences,

Im/v/rlm o /nuul s forall vident

ol girades, scicice cducition

e In clementiry, middle, junior, and seiior high wli
prm,rnn\ \lmuld plu\nda buu u»nupl‘ tnr .|ll suhluxu ()ppn([ulll(l\\ \Imull lx

\\nh excepriony ll INECFEsts .mJ taents in science.

Pwiphianss o etinee edtaiarion por the alide oner: "m]l'u/./liuu

Schools should provide cducidonal oppaortunities i saence for all the adult

pupul..uun in their community.

[ ((l”LLL‘ L un crsities, Jand Illtlullll urganizdtions \ll()lllll HiCredse unphm\ on
saietiee educarion for adules through puhlu jectures and Sennnars,

e The itpartiiit u;nmlmtmn\ of wiit-ofsclionl education progriins Suchi ds -
seums, TV, planctariums, and zoos should be recognized and utilized by all those

ifvolve

Emphains cor the profoiiennid developnieins of cieince teachers thoied bricriice
H/I/IUIIIHIIIIL [
e ( ¢
inservice education programs that are consistent with s policy statement.
e Sthool districes shotild provide opportiiiities, elicotrdgenietin, Jiid recognition
tor teachers who nuintam a high level of protessional comperence. .
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s Ad actna

o] Iumm wy Iugl "'mrlmn' dnd tie .d activities should stress the development of

isid mqu)r\ skills
e Middle junior highi schiool Tey
'imwlu. ion and extenston o inguiry skills as o meaas of htdining l\nn\‘.lgdg.,a and

wtivities should stress the

¢l laboratory and field

tesolving probleiis.

a High school level laboratory ivd field detiviges should emphasize not only the
Jequisition of Kitvwledise; but also pmhlun solving and decision imaking.

Nopeamee pstractionn piafchios VLI cogntite. Pl Gt voctad, ad emotionad

det Lm"n vnt
e Schools shot i provic

i instructional serategics that are

Appropriite to the cudents stede of mental, moral, and physicil de clopnieit
ils shiould be prov ided aall srades (o accommodite

* lr\lln, straie x_,u_\ dind nid
cridiqits with various levels of learning skiils and ment. U developriient

Im/?/u\n ml u/( e redated vt
lum.nrlr\ lL\Ll o minimur b S percent of scienee M\truunm should be

ul SO ;( || Issles.

llru.rui towind seic nee - ull
o Middle, juniar high sch
\huulu be duu.rul towird science- ul wted socictl fssues.

o Semor high school level: 1 nunimunt of 20 pereeni Of \Uuu.u iestruction should

rd science-related socdietal tssues

i‘L tl”'('( «L't' tow.
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